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Engineering Coppers 





FRACTIONATING TOWER designed and fabricated by Vulcan 


Manufacturing Division of The Vulcan Copper & Supply Co., Cincinnati 


COPPER -select it for performance- 
fabricate it at low cost 


This is a fractionating tower 30 feet 
long and 10 feet in diameter—and it’s 
made entirely of phosphorized copper. 

Copper and its alloys are logical 
choices for building many kinds of 
process vessels because their complete 
immunity to rust and high resistance to 
corrosion are important assurances of 
long equipment life. 

And more than that, the practicabil- 
ity of fabricating copper with the new 
automatic welding methods helps keep 
down the costs of equipment. The 
many components of this tower, with 
metal thicknesses ranging from %” to 


4” were rapidly assembled by the in- 


ert-gas consumable-electrode method. 
The welding rod was ANACONDA 
Copper-372*. Routine X-ray inspec- 
tion showed consistent soundness of 
the finished welds. 

In designing or specifying your 
process equipment, consider the unique 
combination of properties which only 
copper and copper alloys offer in such 
high degree. These include r rapid and 
uniform heat transfer and ready work- 
ability, combined with good mechan- 
ical strength and resistance to fatigue. 

For detailed information or for tech- 


nical counsel on any form of copper 0 
type of copper alloy, or any problem 
related to their use in your business. 
the services and experience of ou! 
Technical Department are always av ail- 
able. Just write to The American Brass 
Company, Waterbury 20, Connecticu! 
In Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 
*U.S, Patent Ni 


for copper and its alloys- 
consult 


ANACOND 


> 29) 464 


For more information, turn to Reader Service Card, Circle No. 310 
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Inconel radiant tubes 


in new Lindberg 


multi-purpose furnace 


come out on top! 








Time for a Change? It’s no job at all to slip one of these thin-wall Incon 
vertical tubes into the new Lindberg Carbonitriding Furnace. The tube colla: 


which forms a heat seal, is shaped from Inconel sheet and welded to the tub 
These lightweight tubes transfer heat efficiently, yet give long service life 
because of Inconel’s resistance to oxidation and many corrosive atmospheres 


at high temperatures. 


You would hardly believe that replac- 
ing a radiant tube could be this simple 


— hut it is! 


In the carbonitriding furnace re- 
cently developed by the Lindberg En- 
gineering Company, of Chicago, all 
you do is lift out the old tube and hang 


a new one in its place. 


Inconel® tubes like the one shown 


above weigh only 29 pounds. 


Yet they are sturdy and long-lasting. 
They resist oxidation and many corro- 
sive furnace atmospheres at high tem- 
peratures. They must, for tubes really 
get a workout in this furnace! Lind- 
berg designed it to handle not only 
carbonitriding, but hardening, carbu- 
rizing, annealing and carbon restora- 
tion as well. Different furnace atmos- 
pheres are supplied by an adjustable 


generator. 


Inconel takes all of these varying 
conditions in stride. It resists cracked 
ammonia and carbon monoxide atmos 
pheres, and provides excellent strength 
throughout the entire carbonitriding 
temperature range. Its good strength 
persists at temperatures up to 2,200°F. 
Also, it is readily workable and can be 


welded by ordinary shop methods. 


You can see, then, why Lindberg 
has standardized on Inconel tubes for 


their new furnace. 


To learn how Inconel can serve you 
in troublesome high-temperature ap- 
plications, write for a copy of the book- 
let, Keep Operating Costs Down... 
When Temperatures Go Up. It’s yours 
on request. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N.Y. 


PS 
INCO 





Inconel ... for long life at high temperatures 


For more information, turn to Reader Service Card, Circle No. 396 
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HIGH TEMPERATURE 
ALUMINUM 


FISSIONABLE 
MATERTALS 


MAGNESIUM 
DEVELOPMENTS 


POLYETHYLENE 
COSTS LESS 


MORE TITANIUM 
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A new aluminum casting alloy now under development is ex- 
pected to extend potential elevated temperature applications 
for the light metals. Tensile strength on the order of 25,000 
psi and yield strength of about 13,000 psi at 600 F are believed 
to be obtainable. It is doubtful, however, whether current 
improvements in this direction will be sufficient to halt the 
trend toward stainless steel and titanium as aircraft operat- 
ing temperatures edge continually upward in this range. 











fore too long. Liberalization of present restrictions on pri- 
vate use is believed to be one of a series of amendments to the 
Atomic Energy Act to be proposed by the Atomic Energy Commis- 
Sion shortly. Intended to increase the participation of pri- 
vate industry in the atomic energy program, these proposals 
have not yet been submitted to the President or to the Joint 
Congressional Committee on Atomic Energy. 


It may be possible to own or rent fissionable materials be- 





Large hot-rolled magnesium sheet and plate will shortly be 
available in quantity as Dow Chemical's new high production 
rolling mill gets into full operation. Hot-rolled plate, 6 ft 
wide and up to 60 ft long, is being made from 2000 lb rolling 
ingots on the new mill. Within a few months an 84 in. cold coil 
mill for finish rolling of thin=-gage magnesium sheet is ex- 
pected to be in operation at the Madison, Ill. plant. ... Thin 








development of a technique for preheating the strip immediately 
before reducing and maintaining temperature between reducing 
passes. Previously it has been difficult to prevent brittle- 
ness in the metal when rolled to 0.01 in. or less. 


Another price reduction for polyethylene has been announced 
by its largest producer. Most of this company's polyethylene 
resins can now be obtained at 41 cents per lb—a reduction of 
5 cents per lb—in tank car lots. The new price tag follows the 
third price slash in little more than a year. 





small quantities of Japanese-produced titanium sponge are 
being purchased in this country. In addition to helping make 
up the gap between rolling capacity and sponge availability, 
the Japanese sponge is cheaper than the domestic material.... 
A leading producer of titanium expects to triple its daily out- 























put within a few months. 





(Continued on page 4) 
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LARGER THIN 
rUBING 


MORE POWERFUL 
TRANSISTOR 


NEW BURNISHING 
PROCESS 


LATEST X-RAY 
DEVELOPMENTS 


BI-METAL JOINT 
INSULATION 


MATERIALS 
TESTING 


Seamless light-wall tubing is now available in sizes up t 
2—-1/16 in. maximum o.d. Produced in stainless Types 504, 32 
and 347, and Monel, the larger sizes of tubing are expected to 
make possible broader application of light-wall tubing partic- 


ularly where pressures exceed the limits for welded tubing 
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A tiny transistor with an output of 20 watts has been devel- 
oped. Claimed to be about 100 times more powerful than present 
commercially available types, the device is about the Size of 
a thimble. The greater power will enable the transistor to be 
used for the operation of motors, valves, relays and other 
equipment—jobs that cannot be handled with currently available 
transistors. Key to the development was the discovery of an 
effective method, not yet revealed, of removing heat from the 
germanium-metal junction. 





A new wet burnishing process claimed to cut metal finishing 
costs, compared to conventional wheel polishing and buffing, 
has been announced. The parts to be burnished move through an 
abrasive slurry where they come into contact with revolving 
rubber-fingered mats. Savings result from the durability of 
tire rubber buffs and the reusability of the abrasive compounds. 





A small self-contained x-ray source, potentially more flex- 
ible than radium or radon, is under development. It consists 
of a small amount of radioactive material surrounded by a layer 
of heavy metal. Quality and quantity of the x-rays produced 
as a result of Beta ray emission by the radioactive center can 
be regulated by varying the core material and the thickness and 
composition of the shell. The device can be designed to remain 
active for almost any time period desired. .. . Xeroradiogra- 
phy, a new x-ray process, is now being tested in its first field 
installation. The process employs a reusable dry plate and 
produces an image available for viewing within 45 sec. [The 
image is produced by static electricity which arranges a fine- 
grain powder on a specially coated aluminum plate. 




















An impregnated tape specially designed to insulate aluminum 
from dissimilar metals at bi-metallic junctions is being mar- 
keted in England. The non-absorbent packing consists of open 
weave fabric impregnated on both sides with saturated petro- 
leum hydrocarbons filled with metal silicates and containing 
a chromate inhibitor. 











Automatic "push-button" testing of materials using standard 
testing machines, new or old, is now possible with newly devel- 
oped electronic control units. By using these program con- 
trollers in conjunction with tensile machines, any one or 
a combination of the following operations is now practical: 
automatic production and proof testing, stress or strain cy- 
cling, and yield strength by extension. 
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Thompson P p & Die © 


Ane P referred 


» FOR HARDENING TOOLS AND DIES 


(High Speed, High Carbon-High Chromium, Stainless and Carbon Steels) 


Bae W ser such an imposing array 


of the world’s leading makers of high 


5 speed tools and dies adopt the same heat 

rT treating method and equipment, you 

34 can count on it that there’s a reason— 
several reasons in fact. 

an 
Productive capacity is two or three 

1d 

; times that of other heat treating 

Ln methods because of faster heating. 

= Distortion is negligible. 

Ld ; ‘ 

— Surface protection is unsurpassed— 

nd because the salt bath seals the work 

ne automatically from all atmosphere. 

sno Scaling, decarb and pitting are avoided. 
Temperature control is closer, more 
accurate. The temperature will not vary 
morethan+5°F anywhere in the bath. 

um The life of tools isincreased from 25% 

re to 300% over those heated by ordinary 
methods. 

en 

4 Adaptability—The Ajax Salt Bath han- 
a dles any type of high speed, carbon or 
n, 





ONLY ACTUAL WORKING 
AREA OF BATH EXPOSED 


+ minimum heat loss 
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Typical installation for hardening high speed 
tools. Preheat, high heat and quench furnaces. 
The center unit operating at 2350°F. is equipped 
with submerged electrodes (see illustration at 
upper right). Preheat and quench units have 
suspended electrodes. 


alloy tool and die steel. Moreover, it 
occupies less floor space, does not re- 
quire a skilled operator and provides 
maximum protection and long life for 
pots. 


Write for Ajax Bulletin 123B 


AJAX ELECTRIC COMPANY, 


906 Frankford Ave., Philadelphia 23, Pa. 
THE WORLD'S LARGEST MANUFACTURER OF ELECTRIC HEAT TREATING FURNACES EXCLUSIVELY 


In Canada: Canadian General Electric Co., Ltd., Toronto, Ont. 
Associate Companies: Ajax Electric Furnace Corp. 
Ajax Electrothermic Corp. + Ajax Engineering Corp. 






INC. 


For more information, turn to Reader Service Card, Circle No. 340 
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SHRUNKEN LEVEL OF 
BATH WHEN FROZEN 








Power Consumption De- 
creased as Much as 30%— 





Electrode Life Greatly Ex- 
tended 





Bath Rectification Simplified 


Restarting is Easy 


Accurate Temperature Con- 
trol 


Overheating of Work Elimi- 
nated 


Salt Leaks Prevented 

















Easier Charging and Dis- 
charging 















































ttt ttt ttt 


MATERIALS 


nomemeNOWS Digest 


New Materials Developments 


Spotlighted at... 


Fall ‘Technical Meetings 


¢ For second year in row, 
titanium held feature spot 
in National Metals Congress. 


© Annual Magnesium Asso- 
ciation Meeting highlighted 
non-military uses of mag- 
nesium. 


© American Standards Asso- 
ciation’s annual meeting 
stressed need for advance 
development of standards 
in atomic power and elec- 
tronics. 


Capacity crowds at the titanium 
sessions of the Metals Show in Cleve- 
land reflected high interest in the 
fast growing material on the part of 
engineers, metallurgists and manu- 
facturers from all metal-using indus- 
tries. Whether the members of the 
audience were using titanium or not, 
they were all anxious to keep up on 
the latest information on the metal 
and were impatient for the time when 
titanium would be available. 

Release of the first data on all- 
alpha titanium  high-lighted _ the 
AIME symposium. A_ report by 
Finley, Barcell and Durstein of Rem- 
Cru Titanium revealed that a new, 
moderate strength A-110 titanium- 
aluminum-tin alloy possessed  su- 
perior formability, weldability, and 
high temperature characteristics. The 
report indicated that alpha alloys 
with yield strengths in the neighbor- 
hood of 140-150,000 Ib are under 
development. 

The Metals Exposition, held con- 


currently with the Metals Congress, 
nearly overflowed the space at Cleve- 
land’s Public Auditorium. As _ has 
been the tendency in the past few 
years, metal processing equipment 
dominated the exhibit. Among the 
many exhibits that attracted great in- 
terest: a new two directional press 
specially designed for compacting 
powder metal; a low frequency 
magnetostriction device for metal 
cleaning introduced by Bendix; and 
Beryllium, Inc.’s Beryldur, a new 
high-conductivity high-strength alloy 
of copper and beryllium. 


Magnesium Association Meeting 


The theme of the ninth annual 
Magnesium Association meeting in 
New York was the development of 
non-military uses of magnesium. The 
Association is openly concerned over 
the fact that a large proportion of 
magnesium is used in military prod- 
ucts, while comparative civilian use 
of the metal is lagging. Magnesium 
processors were advised to go after 
any light metal field, as it is felt that 
aluminum has blazed the trail in 
winning public and technical accep- 
tance for lighter materials. 

A number of case histories of 
commercial magnesium parts and 
products indicated that magnesium 
technology is surmounting many of 
the problems it has faced in the past. 
Difficulties in fabrication are rapidly 
being solved. Alloys of magnesium 
and rare earths or thorium are prov- 
ing serviceable in operating tempera- 
tures up to 600 F. These higher 
temperature alloys may help to over- 
come a serious barrier to the accep- 
tance of magnesium. Flammability 
has proved a difficult hurdle, due to 
the widespread publicity enjoyed by 
magnesium incendiary bombs, flash 









powders, flares and, more recently. 
fuel. 


American Standards Association 


Standards, unfortunately, are usu 
ally established after the fact. A city 
had to be destroyed before firehose 
couplings were standardized, the firs' 
world war was undoubtedly extended 
because Allied bullets and bolts were 
not interchangeable, and the growtl 
of almost every new industry is in 
variably marked by a certain period 
of near-total confusion that requires 
considerable retrenchment and ex 
pense before standards are agreed 
upon that open the way to further 
progress. 

The fortieth annual America 
Standards Association meeting was 
devoted both to ex post facto clean 
ups and to the prevention of “un 
standardized’”” confusion in rapidly 
expanding industries. 

The ASA’s major clean-up ope 
ation dealt with industrial noise 
Hearing loss data was presented fo 
such deafeners as riveting, drop forg: 
ing, and jet engine and armament 
testing. The work is the first step 
in establishing a long range program 
for standards in notse levels, nois¢ 
control, and acoustic materials. 

In an effort to avoid future con- 
fusion, the ASA warned industry that 
it is now time to settle on standards 
adapted to the materials and tech- 
niques of electronics and atom 
power. The rapid rate of develop: 
ment of nuclear science and elec 
tronics, the association warned, will 
result in one of the most colossa! 
messes industry has ever faced, un 
less immediate steps are taken [to 
establish industry-wide standards 
along which orderly progress ¢a® 
develop. 
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Steatite WwW afers. on which resistor 
and capacitor components are mounted 


are automatically assembled to make... 


..« Modular units consisting of a 
single electronic stage. During produc- 
tion and assembly, all parts are tested 





Card 
chines. 


programmed testing 
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Versatile Electronic Module 


Simplifies Mechanized Production 


Basie Electronic 


The National Bureau of Standards 
ind the Navy Bureau of Aeronautics 
have taken the sec urity wraps off a 
radically new system tor the design, 
fabrication and assembly of electronic 
products, The system produces elec- 
tronic components from basic raw 
materials by fully automatic produc- 
tion techniques. The full scale auto- 
matic pilot plant that is now operat- 
ing may be the prototype of the fu- 
ture electronic industry. The plant is 
open for industry inspection. 

The project is unique in that the 
principles of electronics production 
have been completely rethought. Cir- 
cuits have been redesigned physically 
around a standard module capable 
of carrying the circuitry of almost 
any single electronic stage. By inter- 
connecting a number of modules by 
means of printed circuit bases, com- 
plete electronic circuits can be as- 
sembled. Perhaps most surprising and 
Significant is the fact that the tech- 
nique not only eliminates hand as- 
sembly, but also attains a degree of 
end product flexibility unheard of in 
the lectronics industry. It is per- 
tectly possible to change from one 
enc product to another—such as from 





civilian radios to military aircraft 
components—in less than one work- 
ing day. The NBS pilot plant offers 
convincing evidence that automatic 
production, properly planned, does 
not necessarily tie up capital in ex- 
pensive single purpose machines that 
must be discarded or rebuilt in case 
of a change in the product they are 
producing. 

The new system is the result of 
three years of research and engineer- 
ing that cost close to $5 million. 
Most of that cost was basic develop- 
ment, of course, and a rough estimate 
of $1 to $114 million is generally 
accepted as the cost of reproducing 


Simplified assembly is apparent in 


modular units from Navy sonobouy. 























Components Re-engineered 


the present system with considerable 
refinement and improvements. 

The NBS-Bu Aer project was code- 
named ‘‘Tinkertoy’’, and the desig- 
nation will probably stick, although 
efforts are being made to change 
it to ‘““Modutronics’”. As conceived 
in 1950, the project called for a 
double edged program: The Modular 
Design of Electronics (MDE) to 
standardize electronics design, and 
Mechanized Production of Electron- 
ics (MPE) to develop a completely 
automatic system for producing the 
standardized components. While the 
automatic production techniques em- 

(Continued on page 220) 


comparison of analogous standard and 



























News Digest 





New SPI Division 
Preparing Standards 


The Thermoplastic Structures Div- 
ision of The Society of the Plastic 
Industry, Inc. has succeeded in estab- 
lishing tentative standards for weld- 
ing and chemical testing of polyvinyl 
chloride plastic sheet. The Structures 
Div., only slightly more than one 
year old, was formed by four fabri- 
cation firms in Oct. 1952 to work 
out industry standards for rigid 
thermoplastic structures based on 
polyvinyl! chloride and polyethylene 
plastics resins. The Division now 
includes representation of 24 major 
chemical, rubber, and fabrication 
firms. 

Structural products made from 
rigid unplasticized polyvinyl chlor- 
ide and polyethylene include ducts, 
vents, storage tanks, tank liners, 
hoods, housings, pipe, fittings and 
other products. It is felt by the 
Structures Div. that many more appli- 
cations are possible for rigid industri- 
al structures made of these materials 
and that a well integrated period of 
growth will occur as the Division’s 
program expands. 

There are now six firms in the 
United States which produce rigid 
unplasticized polyvinyl chloride res- 
ins. These firms are: Bakelite Co., 
Dow Chemical Co., Firestone Plastics 
Co., B.F. Goodrich Chemical Co.., 
Monsanto Chemical Co., and Nauga- 
tuck Chemical Div., U.S. Rubber Co. 

Only two firms are producing poly- 
ethylene resins at present—du Pont 
and Bakelite, but Monsanto recently 
announced that it has a plant under 
construction in Texas City that will 
start producing in the fourth quarter 
of 1954. 

In addition to the above compan- 
ies, there are about 25 firms fabricat- 
ing sheet and structural products 
from the plastic raw materials. 

The SPI also announced that its 
new Vinyl Plastic Film Standard and 
Seal of Quality will be heavily pro- 
moted through an educational pro- 
gram to fabricators and processors in 
the plastics industry. The educational 
program will extend to the retail 
field in order to establish the stand- 
ard and seal as a mark of approval 
in the use of plastics. 


Looming Tariff Problem 


Faces Congressional Action 


Raw Materials Play Central Role 


The U. S. import policy is shaping 
up as one of the most critical items on 
the agenda of the next session of Con- 
gress. The looming expiration of the 
Reciprocal Trade Act on June 30 will 
force prompt and direct legislation 
that may set the future pattern of 
foreign trade, and most certainly in- 
fluence the prices of many industrial 
materials. 

Already partisans are marshaling 
forces for the traditional battle be- 
tween high tariffs and free trade. The 
familiar old arguments, ranging from 
the free trader’s principle of Com- 
parative Advantage, ‘‘A country’s re- 
sources should be allocated to their 
most productive use’’ to the rallying 
cry of the protectionists, “America’s 
standard of living must be protected 
from low foreign wages’, are getting 
dusted off, polished up and loaded 


with statistics. 


International significance aside, t| 
increasing importance of imports | 
this country’s material economy par 
ticularly imported raw materials tha 
are not sufficiently available from do. 
mestic sources—attaches more weigh 
than ever to the impending congres 
sional action. It is something even 
material user should watch carefull; 

While it is virtually impossible ' 
summarize the whole problem of tar. 
iffs. with all the complex econom 
arguments and international and « 
mestic politics that are involved 
certain areas do reflect general trend; 
of opinion, activity and actual need 

One major area, and perhaps the 
most important to the long trang 
trend of world trade, is the 
material supply situation. Since the 
turn of the century the VU. S. ha 
changed from an exporter of ra 


(Continued on page 224) 





What They Said...... 


ONE SIDE ‘We have allowed our 
nation to become unnecessarily de- 
pendent on strategic minerals from 
politically unreliable Asiatic, Euro- 
pean and African sources. It is ques- 
tionable whether those far flung sea 
lanes . . . could be defended. We 
will look into the dire straits into 
which this nation has been placed.”’ 
—Sen. George W. Malone, Chair- 


man, Senate Interior Subcommittee, 
Sept. 1953. 


AIRLIFTABILITY? “The Army 
has embarked upon a program of 
lightening the load of the combat in- 
fantryman and the weapons and 
equipment to support him. Why? 
Not just to ease the burden on his 
back, not just to give him more per- 
sonal mobility. It is a very important 
step in making him airliftable.’”-— 
Under Secretary of the Army E.D. 
Johnson, Aug. 1953. 


ANOTHER SIDE “We must focu 
our attention on the serious proble 
of strategic materials, for they ar 
inexorably a part of the stake of U» 
business in world trade. Since tt | 
a simple physical fact that many 0! 
the most essential strategic materials 
do not exist in the earth of thi 
country they must be imported, come 
what may.”’—]. Peter Grace Jr., Pre: 
W. R. Grace & Co. 


BULGING TEAPOTS “Econom 
ists tell us that people are presentl} 
adding to their liquid assets at mor 
than $14 billion per year. This § 
double the rate of about five yeat 
ago. If even this incremental half 0: 
such savings were diverted into cur 
rent purchases there would be con 
tinued good business rather than 40) 
feared recession.” — H.F. Smida) 
Vice President, General Electric 
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Hot Boxes An extensive program 
is underway to determine how much 
effect bearing materials have on the 
overheating of journal bearings used 
on freight cars. 


Snakey Trick Lightweight Monel 
wire cloth is being used as a detach- 
able lining for newly developed snake- 
proof trousers. 


Hot Plane High temperature re- 
sulting from skin friction at near- 
sonic and supersonic speeds led to 
extensive use of titanium throughout 
the Air Force’s new F100 Supersonic 
‘Supersabre’’. 


Bugbear Fungus microorganisms 
break down both natural and syn- 
thetic rubber electrical insulation by 
piercing it with minute filaments. 
Compounding insulation with suit- 
able fungus preventatives can pre- 
vent or greatly delay attack, but 
choice and amount of fungacide used 
is critical due to effect on electrical 


narac teristic S. 


A Shell Out Foundries used an 
insignificant amount of phenolic resin 
tor shell molding in 1950, jumped 
consumption to 3 million pounds in 
1952, and will consume between 8 
and 10 million pounds in 1953. An 
industry representative predicts that 
50,000,000 lb of resin will be used 
annually by shell molders in 1957. 


Freed A _ high strength 2200 F 
heat resisting alloy previously re- 
stricted to service applications in 
tcmperatures over 2000 F by govern- 
ment controls on nickel will soon 
be on the market for general use. 


Rare Material: Illustrating the 
scarcity of metals in the platinum 
£roup, a display at Franklin Institute 
‘catures a 43 inch cube representing 
volume of total annual world 
oduction. Such a cube of precious 
tal would weigh 23 tons, and sell 
f $50,000,000. 
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Phenolic housing for the Seeburg Mirror Speaker, a remote wall speaker, for commercial sound systems. 


For Big Housings in Quantity the Answer May Be .. . 


Large Plastic Moldings 


Underlying trend to larger thermosetting moldings are new, im- 
proved resins and better production techniques and equipment 


by JOHN B. CAMPBELL, Associate Editor, Materials & Methods 


@ THE PAST FEW YEARS have seen 
increasing acceptance of large unit 
housings molded from thermosetting 
plastics. Already well established in 
washing machine agitators and radio 
and TV cabinets, large plastic mold- 
ings are now expanding into the air 
Conditioner, office machine and furni- 
ture fields, 

The trend toward increasing use of 
large plastic moldings is evident on 
the design, manufacturing and con- 
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suming levels. For the designer, plas- 
tics permit design with natural, 
functional lines unrestricted by many 
of the fabrication limitations im- 
posed by wood and metal. For the 
manufacturer, plastics offer dimen- 
sional accuracy and uniformity, a 
one-step forming method suitable for 
mass production, and low labor costs. 
For the consumer, plastics mean 
products that are lightweight, “mod- 
ern” in appearance, easily cleaned, 


resistant to water and other common 
liquids, and highly resistant to 
scratching or burning. 

Underlying this trend is a program 
of continuing technical development. 
The most important technical devel- 
opments contributing to the present 
trend have been new and improved 
molding compounds, new high-ca- 
pacity press equipment and the use 
of high-powered electronic preheat- 
ers. 

Of equal importance has been the 
educational program conducted by 
the Society of the Plastics Industry, 
through its Committee on Large 
Plastic Moldings. This cooperative 
effort is aimed at familiarizing indus- 
try with the unique possibilities in 

















This 19-lb molded phenolic wheel is the heart of the Cardineer Filing System. Notice the 


cylindrical bearing sleeve insert. 





Urea meat scale housing weighs 70 to 80 


lb less than the old porcelain-enamelled 
cast iron model. As a result it’s easier to 
keep both scale and surrounding area 


clean. 


design and manufacture offered by 
large plastic moldings, together with 
the technical and economic limita- 
tions that must be appraised for any 
specific application. 


Advantages and Limitations 


The principal advantages of large 
thermosetting plastic moldings, com- 
pared with other materials, can be 
briefly summarized as follows: 


1. Good resistance to chemicals, 
including weak acids and alkalis and 
many commercial solvents. 

2. Good electrical resistance prop- 
erties. 

3. Low thermal conductivity, a 
property that makes plastics rela- 
tively warm and pleasing to the 
touch, compared with metal. 

4. Strength-weight ratio which 


high enough to allow significant 
weight saving. 

5. Adaptability to one-step pro- 
duction with a minimum of finishing. 

6. Integrally molded color that 
does not wear, crack or peel. 

7. Attractive designs achieved at 
low cost. 

8. Greater dimensional accuracy 
and uniformity. 

9. Unit cost up to 20% less in 
some cases where production volume 
is high. 

Some of the main limitations of 
large plastic moldings are: 

1. Relatively low strength and 
modulus of elasticity limit severe 
loading of thin sections, often neces- 
sitating integrally molded reinforce- 
ment. 

2. Lack of stability at high tem- 
peratures. Standard commercial ma- 
terials can withstand temperatures up 
to about 400 F; some special mate- 
rials are good up to 500 F. 

3. Relatively steep decline in 
strength at temperatures approaching 
300 F. 

4, Limited abrasion resistance com- 
pared to ferrous metals and ceramics 
(though superior to wood, aluminum 
and osiciae metals) . 

5. Need for metal inserts where 
threaded sections will be subjected 
to loading or wear. 

6. High tooling cost, which limits 
most applications to high-volume 
products where amortization gives 
low unit tooling cost. 

7. Unsuitable for prototype mod- 
els because of the tooling investment. 
Hence, prototypes must be made in 
other materials. 


The Materials 


Thermosetting materials are the 
class of plastics best suited for large 


One of the largest urea moldings yet pro. 
duced is the base of this two-piece housing 
for a combination radio-phonograph. Notice 
the ribbing designed to increase the 
rigidity of lid. 


unit moldings. The higher strength 
and surface hardness of the thermo- 
sets, compared to thermoplastics, 
makes them particularly suitable for 
housings subjected to ordinary service 
loads and occasional impact loads. 
Their resistance to softening at tem- 
peratures of several hundred degrees 
is also important in certain applica- 
tions, particularly in the electrical 
field. 

Three types of thermosets are 
being used commercially for large 
unit moldings. They are the phenol- 
ics, the ureas and the melamines. 
Each type offers its own peculiar ad- 
vantages and limitations. In addi- 
tion, each type is amenable to varia- 
tions in composition and processing 
that make possible materials with 
properties specifically adapted to 
given applications. Some idea of the 
extent of the variations possible can 
be ascertained from the accompany- 
ing chart showing the range of prop- 
erties for various types of com 
pounds. 


Phenolics—Phenolics are by fat 
the most widely used material in 
large plastic moldings. They have 
good chemical resistance, water resis- 
tance, impact strength, electrical re- 
sistance, dielectric strength and sur- 
face hardness. The property that 
distinguishes them from other ther- 
mosets currently available, however, 
is their superior moldability. With 
the high-compression molding equip- 
ment now available, it is possible to 
mold phenolics in units weighing up 
to 60 Ib, with a draw of 24 in. and 
a projected area of 24 to 48 in. The 
favorable flow characteristics 0! 
phenolics make possible complex de- 
signs. Another important factor ' 
the low cost of phenolics compared 
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of Properties for Thermosets Used in Large Plastic Moldings 
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to other thermosets. As the accom- 
panying table shows, ureas and mela- 
mines ordinarily cost from 50 to 
more than 100% more than phe- 
nolics. Chief limitation of the phe- 
nolics is color. Generally phenolics 
are available only in dark colors. 
Light colors tend to fade with time, 
particularly when exposed to sun- 
light. 

Ureas—The ureas, higher in cost 
than the phenolics, are used only 
where __ their peculiar advantages 
are considered worth the premium. 
The most important advantage is 
olor. Unlike the phenolics, the 
ureas can be obtained in any color 
trom white to brilliant hues, includ- 
ing pastels. Nearly all shades are 
commercially lightfast. Another im- 
portant advantage is the absence of 
odor or taste. The ureas also have 
better arc resistance than the phe- 
nolics. Chief disadvantages, com- 





Average Prices of Thermo- 
setting Molding Compounds 


ee 








Material Price, cents/Ib 
Phenolic 22-28 
Urea | 33 
Melamine | 47 











pared to the phenolics, are the need 
for close control in molding to main- 
tain purity of the material and the 
need for higher molding pressures. 
The ureas also have a greater tend- 
ency to absorb moisture. 

Melamines—Still more expensive, 
the melamines are quite similar to the 
ureas but have certain advantages for 
specific applications. They have bet- 
ter water resistance and somewhat 
higher resistance to dilute acids and 
alkalis. Unlike the ureas, they are 
compatible with mineral fillers. This 
makes possible moldings with greater 
strength, impact resistance and heat 
resistance, as well as better arc resis- 
tance. Melamine moldings also have 
harder surfaces and, therefore, greater 
abrasion resistance. 


Molding 


Compression molding is_ the 
method most commonly used for the 
production of large unit housings 
in thermosetting materials. Large 
presses, rated at 300 to 3000 tons, 
are needed. The molding compound 
is usually bricketted and electroni- 
cally pager The material is then 
placed in the steam-heated, closed- 
die mold, the die is closed, and pres- 
sures up to ged ag or higher are 
applied. The mold remains closed 
until polymerization occurs. It 1s 
then opened and the part ejected. 


Time, Sec. 


Flow characteristics of phenolic molding 


compounds. Constant pressure and tem- 
perature are assumed. Current materials 
development aims to approach the relative- 
ly ideal flow behavior of Curve No. 4. As 
indicated, improved compounds provide 


not only greater flow but a faster cycle. 


The length of the molding cycle 
and the pressures and temperatures 
needed depend on the particular 
molding compound used. The ac- 
companying graph shows, qualita- 
tively, how the flow characteristics 
of a phenolic molding compound can 
be varied. Ureas and melamines are 
faster curing and have stiffer flow 
characteristics than phenolics; as a 























result they require higher molding 
pressures than those needed for an 
equivalent phenolic part. A given 
press, therefore, can produce a much 


larger phenolic molding than it can 
an amino molding. 
When the hot molding is removed 


rrom 


cooling. To prevent this the molding 
can be attached to a special fixture 


the 
tendency 


press it sometimes has a 


to deform during initial 


transfer-molded, but this method is 
not generally used for large molding 
because of the increased size, com- 
pexity and cost of the die needed. 
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plastic 5’ as opposed 
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a 
5 n- Nee 
for 3 min which maintains dimen — nee 
sions and alignment. Flash removal 1 | 
é ' _ 
can usually be accomplished simul- 
taneously. Type A Type F Type L Type P Type R 
Thermosetting plastics can be Basic types of inserts for large plastic moldings. All heads are knurled for adequate 
gripping by plastic. A—Threaded hole is blind; insert is flush with outside surface. F— 
Threaded hole runs through; insert is flush with both surfaces. L—Insert is straight; thread; 
start 1/16 in. from outside surface. P—Shoulder projects from surface. R—Shoulder fysh 
with outside surface; threads start minimum of 1/32 in. from shoulder. 
Some Design Pointers 
Allow for shrinkage after molding. Thermosetting cient of thermal expansion more nearly equals that 
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plastics shrinkage is on the order of 0.002 to 0.10 in. 
inch. 
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tolerances only as close as actually necessary. 
erances closer than 0.005 in., the usual commercial 


lamit, generally raise costs. 


Allow a minimum draft of 1 deg. to facilitate 
removal of the part from the mold. 


l/, to 


Avoid undercuts. Undercuts require split-cavity molds, 
lowering production rate and raising unit cost. 


Locate the mold parting line in one plane. An irregu- 
lar parting line introduces additional tooling cost. 


| | . 
Locate holes at right angles to surfaces. Oblique holes 
c nold cos 
4 ‘ } - 1] . . 

Avoid long cored holes, especially horizontal ones 
Otherwise it is necessary to provide support for the 
core pin 

Avoid locating jections mear corners or edges as 


this necessitates a relatively weak section in the mold 


Design projections round. Irregular-shaped holes are 
expensive to produce in the mold. 


Locate all holes and projections in the direction of 
mold and press closing. Otherwise holes must be 
formed by means of retractable core pins, adding to 
mold cost 

Locate lettering to be embossed or debossed on surfaces 
parallel to the mold parting line. 


Arrange that 
on 


marks made by mold ejection pins occur 


surfaces to be concealed. 


Design grille elements parallel to flow of plastic in 
mold to minimize obstruction. 


Continue grille lines as a false grille. Where grille 
lines must terminate in a flat face, break plastic flow in 
molding by changing the surface plane 


Inserts (see above) 
a. Use brass inserts rather than steel. as their coefh- 


of plastics. 

b. Use inserts that are sturdy and not too small. Small 
fragile inserts are difficult to handle and slow the 
molding cycle 

c. Avoid long slender inserts, since molding pressures 
may deflect them out of position. 

d. Make the plastic section around an insert heavy 
enough to hold the insert securly and prevent crack- 
ing after molding 

e. Make the projecting portion of projecting inserts 
round for minimum mold cost 

f. Design projecting threaded inserts with 
projecting, unthreaded shoulder to 
from filling threads in molding 


a slightl) 
prevent plasti 
Always specify metal for small, thr 


oles (No. 6 
subjected t 


inserts 
1 1 1 1 ? 1 
or smaller) when the thread wil 


mechanical stress or wear. 


Deep draws 


restricting 


Specify as shallow a draw as feasible 


thus 


require higher molding pressures, 
that can be used 


LC SSES 


section thickness and unif 
flow of 


Design toward uniform 


distribution of 
molding. 


mass for plastic in 


optimum 


Round This makes possible a more durable 
mold and improves the flow of plastic in molding 


corners 


Use fillets and ribs to add strength and minimize 
distortion from warping, as well as improve the flow 
of plastic in molding. 


Avoid sharp discontinuities that might become areas 
of stress concentration, particularly where internal 
ribbing is used for support. 


Restrict rib thickness at root to no more than that of 
the adjacent wall, and rib height to no more than twice 
the thickness of the wall section. Otherwise ' 
marks may occur on flat surfaces opposite internal ribs 
due to plastic flow characteristics. 


“sink 


Break up large flat surfaces with beads, steps or other 
geometrical devices to increase rigidity. Impro 
appearance can often be obtained. 
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gelationship between total production, num- 
ber of molds, unit mold cost and total 
production time. Graph assumes a mold cost 
of $40,000 per mold and a production rate 
of 10 per hr for each mold used. 


tution of materials cannot be over- 
emphasized. Designers of plastic 
moldings must take into account the 
inherent service properties of thermo- 
setting plastics. They must also visu- 
lize the part in relation to the mold, 
particularly the materials flow during 
molding and how the part is to be 
removed from the mold. And, rec- 
nizing the importance of the tool- 
ing investment, they must try to avoid 
unnecessary complicated shapes that 
increase mold cost disproportionately. 
A fairly comprehensive list of prac- 
tical suggestions for good design is 
included with this article (see Some 
Design Pointers). 

In many cases, additional mold 
st is easily justified by savings in 
the cost of manual operations. Inte- 
ral projections, holes and _, threads, 
for instance, run up tooling costs con- 
siderably but often contribute to a 
less expensive product. 

integral lettering is usually more 
lurable and attractive than that pro- 
duced by hot stamping. Hot stamp- 
ing is often preferable, however, 
where small, fine lettering is needed 
or where the lettering is subject to 
occasional change. Where integral 
lettering is used, raised lettering (on 
the part) is more economical than 
embossed lettering. 


Tooling 


As already indicated, tooling cost 
‘San important factor in determining 
the feasibility of a large plastic mold- 
ing for any given application. Two 
actors often tend to increase the 


tooling investment. One is the need 
‘or production at a rate higher than 
‘an be accomplished with a single 
mold. In this case one or more du- 
plicate molds may be necessary. As- 
the same total production 


suMmIt 
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volume, the unit mold cost is cor- 
respondingly higher. The other fac- 
tor is obsolescence. Some products 
require frequent changes in styling to 
keep pace with competition and con 
sumer preference. In such cases, 
molds become obsolete before their 
life is exhausted and must be replaced 
with new molds. Techniques being 
used to keep such costs at a minimum 
include the use of a removable mold 
face that can be interchanged with 
faces of new design, and the use of 
layer molds in which the laminations 
can be interchanged. In these ways 
an entirely different appearance can 
be achieved without changing the 
entire mold. 


Production and Cost 

The accompanying graph sum- 
marizes some important production 
and cost considerations for a hypo- 
thetical 27-lb TV cabinet molding. 
Production rate per mold is assumed, 
conservatively, to be 10 units per hr. 
Tooling cost per mold is assumed to 
be $40,000 (although, in practice, 
some savings would be possible for 
duplicate molds) and materials cost 
is based on a price of 22 cents per lb. 
The materials cost per unit is there- 
fore $5.94. 

Based on these figures, the mold 
cost per unit for a production run of 
1000 TV cabinets is $40.00 or almost 
seven times the materials cost. For 
10,000 cabinets, the unit mold cost 
is $4.00, and for 100,000 the unit 
cost is down to $.40, less than 7% 
of the materials cost. However, a 
production run of 100,000 with one 
mold would require 1250 8-hr shifts, 
Or more than a year even on a 
round-the-clock schedule with no 
down-time. Use of four molds would 
cut production time to about 315 
8-hr shifts, but, on the other hand, 
would increase mold unit cost to 
$1.60. Another factor that must be 
considered is the tremendous increase 
in mold-making time where machine 
shop facilities are sufficient to handle 
only one mold at a time. These con- 
siderations demonstrate clearly the 
importance of determining the total 
volume needed in the early stages of 
planning. 

The savings to be expected in com- 
parison with wood or metal fabrica- 
tion vary with the product and the 
production volume. The experience 
of one radio manufacturer indicates 
that tooling costs for a metal cabinet 
are about twice those for a plastic 
cabinet. This company’s estimated 
total cost index for plastics, metal 





and wood cabinets is as follows: 


0 100 
{aan 110 
 .. . 120 


These costs are based on a single 
plastics mold and would have to be 
modified if total volume necessitated 
a higher production rate. 


The Future 


Current research and development 
points to a number of advances in 
thermosetting molding materials in 
the next few years. In the ureas, for 
instance, much effort is being devoted 
to the improvement of molding 
characteristics to the point where 
they compete more readily with phe- 
nolics for large moldings. Dark- 
colored ureas, selling at about the 
price of phenolics, are a recent devel- 
opment intended to erase the price 
differential that has always mitigated 
against the use of ureas except where 
color was important. The low-cost 
ureas are achieved by relaxing some 
of the stringent controls on purity 
that are needed to produce the con- 
ventional pure transluscent colors. 

A reverse twist may be supplied 
within two years by the advent of 
light-colored phenolics, now under 
laboratory development. Another 
project is a phenolic with an arc 
resistance comparable to that of the 
melamines. A recent development is 
a glass-fiber-filled material with an 
impact strength of 26 ft Ib/in.?, ten- 
sile strength of 24,000 psi and 
flexural strength of 65,000 psi. Phe- 
nolics with better chemical resistance, 
better heat resistance and shorter cur- 
ing times are also on the way. 

Concurrent with the development 
of improved plastics molding com- 
pounds, continued advances in mold 
ing technology and cost reductions 
can be expected. With constantly 
improving materials and processes 
available, the outlook is for increas- 
ingly broad use of large plastic mold- 
ings. 
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PLANETARY CARRIER of SAE 4340 steel has lower spline nitrided 
at 950 F for 55 hr. Case depth is 0.020 to 0.025 in. and case 


hardness is 87 Rockwell 15 N, minimum. 


@ IN THE MANUFACTURE Of helicop- 
ter transmissions at Ford Instrument 
Company, certain of the component 
parts are subjected to excessive wear 
in service, combined with high torque 
loads. Consequently, these parts are 
made from steels heat-treated for 
sufficient core strength and nitrided 
for high wear resistance. Parts with 
mating splines which slide over each 
other are nitrided for wear resistance 
and to prevent seizing and galling. 
Bearing diameters of other parts are 
nitrided to permit the installation or 
replacement of press-fit bearings with 
no damage to the bearing surface. Re- 
placement and maintenance costs are 
held to a minimum by nitriding. 


Steels Used 


Parts requiring nitriding are made 
from Nitralloy 135, Modified (AN- 
S-19a, Comp A) or SAE 4340 (MIL- 
S-5000) steel. Before nitriding they 
are hardened in atmosphere controlled 
furnaces and tempered at 1025 to 
1050 F to produce core hardnesses of 
Rockwell C 34 to 36. After this treat- 
ment, parts are semi-finished ma- 
chined and given a stress relief anneal 
to minimize distortion during nitrid- 
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CLUTCH SHAFT of Nitralloy 135 modified steel has spline nitrig. 
ed at 975 F for 65 hr. Case depth is 0.018 to 0.023 in. ong 
case hardness is 92 Rockwell 15 N, minimum. 


Core strength improvement by heat treatment plus surface 
hardening by nitriding raises wear resistance, fatigue strength, 


and bearing properties. 


ing. They are then finished machined 
and prepared for nitriding. 

In the preparation of parts for nit- 
riding, certain areas are copper plated 
to prevent penetration of nitrogen. 
Before plating, parts are degreased 
and cleaned electrolytically by being 
made the anode in an alkaline bath. 
Unless cleaning is thorough, blister- 
ing of the copper plate will occur dur- 
ing nitriding with the result that hard 
spots will form in areas intended to 
remain soft. This can be troublesome, 
as excessive distortion can occur be- 
cause of the great differential in hard- 
ness between core and case at adja- 
cent areas. This is especially true in 
thin-walled cylindrical parts made 
from Nitralloy 135 Modified steel, 
because of a minimum core hardness 
of 34 Rockwell C adjacent to a case 
hardness of 65-70 Rockwell C. 

Areas which are to be nitrided are 
protected with masking paint or rub- 
ber masks to prevent plating. Parts 
are then given a flash copper plate 
and transferred to the plating bath. 
Here they are copper plated to a 
depth of 0.0015 to 0.0020 in. by 
using the Unichrome Pyrophosphate 
Copper Process developed by United 
Chromium, Inc. This process yields a 


smooth, bright dense deposit which 
is very effective as a stop-off for nit. 


riding. 


Nitriding Steps 


It is obvious that nitriding must be 
carried on at temperatures below the 
tempering temperature used to de- 
velop the core properties, otherwise 
a drop of core hardness will result 
Consequently it is essential that the 
parts be made from alloy steels con- 
taining elements like chromium, molj- 
bdenum, singly or in combination, s0 
that tempering temperatures higher 
than nitriding temperatures can be 
used. 

Nitriding is done in Leeds & 
Northrup furnaces equipped will 
gas-circulating fans, cooling chambers 
and dissociation pipettes. Parts ar 
loaded in the furnace with ample 
space between each to provide fret 
circulation of ammonia. Three sail 
ples of the same composition 0 
core hardness as the parts they 
represent are placed at the ‘0p, 
middle and bottom of the charg 
to check the uniformity of 
depth from top to bottom of the !oaé 
All furnace charges are logged and! 


MATERIALS & METHODS 
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Steel Parts 


permanent record of each heat nit- 
tided is maintained. After the fur- 


f nace lid is lowered into its oil seal, 


the furnace is purged at 300 F with 
anhydrous ammonia until a reading 
on the dissociation pipette indicates 
10% air remaining in the furnace. 
This is important, as excess air will 
oxidize the copper plate during heat- 
ing to the nitriding temperature, and 
adversely affect its stop-off properties. 
The furnace is then brought to the 
nitriding temperature for the steel in- 
volved and the time cycle is adjusted 
to produce the desired case depth. 
The degree of dissociation is main- 
tained between 30 and 40% for parts 
that are to be ground after nitriding. 
For parts that are to be lapped after 
nitriding, dissociation is maintained 
between 60 and 70% thus elimi- 
nating the so-called “white layer” in 
the finished case. The degree of disso- 
ciation is controlled by adjusting the 
ammonia flow to the furnace, decreas- 
ing the flow for high dissociation and 
increasing for low dissociation. Fur- 
hace temperature and dissociation are 
checked every hour and recorded on 
the furnace temperature control chart. 

On parts made from 4340 steel, a 
temperature of 950 F maintained for 


sUN GEAR SHAFT of SAE 4340 steel has bearing diameters ni- 
ded at 950 F for 47 hr. Case depth is 0.018 to 0.023 in. 


and case hardness is 87 Rockwell 15 N, minimum. 


SHAFT EXTENSION of Nitralloy 135 modified. steel has spline 
nitrided at 975 F for 65 hr. Case depth is 0.018 to 0.023 in. and 
case hardness is 92 Rockwell 15 N, minimum. 


by RALPH SPAGNOLA, Metallurgist, Ford Instrument Co., Div. of The Sperry Corp. 


55 hr, produces a case depth of 0.020- 
.025 in. The hardness obtained is 87- 
89 Rockwell 15N. Nitriding at 925 
F-to produce the desired depth would 
require a much longer cycle than 
would be practical, although a higher 
case hardness would result. To nitride 
at 975 F would require a shorter cycle 
than at 950 F; however the case hard- 
ness obtained would be below the 87 
Rockwell 15N minimum required. A 
case depth of 0.018-0.023 in. is ob- 
tained on Nitralloy parts by nitriding 
at 975 F for 65 hr. The resulting case 
hardness is 92-94 Rockwell 15N. 
Since both steels were tempered at 
1025 to 1050 F, nitriding in the 
range specified causes no reduction in 
core hardness. 

After nitriding is completed, the 
furnace is cooled to about 200 F. 
Channeling the hot gases through a 
water-cooled chamber cools the charge 
at the rate of approximately 100 F 
per hr. After the furnace has cooled 
to 200 F, it is purged with com- 
pressed air slightly above atmospheric 
pressure. This prevents any ammonia 
gas which may remain in the furnace 
from contaminating the air in the 
room when the lid is removed. The 
three test samples are polished, etched 


and examined under the microscope 
for case depth and character. Results 
are permanently recorded. 

Work emerges from the furnace 
with the nitrided areas having a dull 
gray appearance. The copper plate 
remains bright indicating that the 
initial purge with ammonia was sufh- 
cient to prevent oxidation. A repre- 
sentative sample of parts is checked 
for case hardness using the super- 
ficial Rockwell 15N scale. Copper is 
stripped from the parts in an alkaline 
electrolytic bath containing Uni- 
chroms Strip Salt No. 81, which 
leaves the steel clean and free from 
etching or pitting. After stripping, 
the parts are either finished ground 
or lapped depending on the specifica- 
tions for finishing. To insure meet- 
ing the hardness requirements, all 
finished parts are given a Rockwell 
hardness test. 

Although many consider the cost 
of nitriding high, it is worth noting 
that in the three years the Ford In- 
strument Company has been produc- 
ing helicopter transmissions, there 
has never been a report from the field 
that nitrided parts have failed in ser- 
vice because of excessive wear, seiz- 
ure, galling, or failure in fatigue. 






























Which 
Stainless 


Steel? 


Corrosive environment, ser- 
vice conditions and fabrica- 
tion methods must be con- 
sidered in deciding which of 
these grades is most suitable 
for a given application. 


12% Chromium 


Steam turbine blades are usually made from Type 403 to obtain 
good strength at elevated temperatures, and resistance to the 
corrosive and erosive effects of hot steam. 


plications: cutlery, hardware, machinery parts and valve and 


pump parts. 


Other typical ap- 


@ THERE ARE MANY different kinds 
of stainless steel, and to select the 
right one for a particular application 
is not always an easy matter. Many 
factors must be considered. The main 
ones are exact corrosive environment 
fabricating 
methods to be used, and part or 


and service conditions. 


product design. A detailed know! 
edge of these factors is required be 
cause even slight variations can make 
a given grade of stainless vulnerable 
to corrosion. 

This article attempts to explain 
the significance and importance of 
selection influencing factors. 
It also is planned to help the pros- 
pective stainless user by summarizing 
the principal properties of the major 
groups of stainless steel. 


these 


Selection Considerations 


Corrosive Environment—In corro- 
sive environments of an oxidizing 
nature the stainless steels display a 
nobility approaching that of silver or 


platinum. But when _ »dlaced 
strongly reducing media and ; 
prived of oxygen, these alloys ,,, 


shift up the galvanic seri 
nerable position near ca 
Strongly reducing solutio: 
halide salts especially, a1 
for caution in applying st 


( 


| 


Stainless steel resists « 
when all its surface is oxid 
occurs in the air but can | 
by passivation, an operati: 
accomplished with a nitri 
or swabbing followed by | 
water rinse. Nitric acid also provid 
chemical cleaning and removes 4 
stray iron which might become 
focal point for localized attack 

The conditions under which staj 
less steel is uséd are important 
minimizing corrosion. Liquids shoul 
not be allowed to remain stagnan 
in contact with stainless steels fo; 
long periods. Unequal concentrations 
caused by gravity, evaporation, and 
other causes should be avoided }y 
stirring, faster processing cycle 


18:8 Chromium-Nicket 


barrels. 


most widely used of the stainless steels. 


Food processing equipment such as this vacuum pan for the 
production of condensed milk is frequently made of Type 302 


Other typical appli- 


cations: fasteners, home and industrial appliances, drums and 
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Shei ; steel equipment should be 

rainst overheating. Unless 

or unless the carbon 


extremely low, austentic 

inless steels become susceptible to 

-orrosion “upon being held between 
oe) F and 1600 F for an appre- 
“Many chemicals that are only 

mil ildly corrosive when pure, become 
dificult to handle if they are mixed 
or if they contain certain impurities. 
Contaminated acids and fuels con- 
raining sulfur are examples. Other 
so-called impurities may suppress cor- 
rosion; for example copper com- 
ounds in sulfuric or phosphoric 
acids. Possible impurities must there- 
fore be carefully accounted for be- 
fore a stainless type is decided upon 

‘ tanks, piping, etc. 


Fabrication Methods—-When ap- 


17% Chromium 


Type 430 is as resistant to nitric acid as 18:8 and is used in 


quantity in nitric acid processing and transportation equipment. 


Other typical applications: auto trim, TV 


bearings, surgical equipment and fasteners. 


tube cones, ball 


praising a type of stainless for a piece 
of equipment it is important to keep 
in mind the fabrication processes to 
which it will be subjected, since these 
can affect the metal’s performance. 
For example, whenever the alloy 
is to be welded or brazed, or used 
for some time in its sensitizing tem 
perature range, chromium ( arbide 
may precipitate at grain boundaries. 
The same result can occur because of 
improper heat treatment. The metal 
may then display reduced corrosion 
resistance. Some carbide precipitation 
can usually be tolerated. If the cor- 
rosive conditions are severe, though, 
grain boundaries with carbide will 
be attacked first. Weld decay, or 
deterioration along welds in heat-af- 
fected zones is a good example of 
intergranular corrosion. Such chro- 
mium carbide precipitation can be 
minimized by using a very low car- 
bon-containing stainless, by proper 
heat treatment after carbide precipi- 
tation, or by using columbium or 
titanium stabilized stainless steels. 


Design — Corrosion resistance 1s 
also a function of equipment design. 
Designing equipment without crev- 
ices has proved most desirable.. Small 
internal radii should be eliminated, if 
possible, inside corners filleted, seams 
kept at a minimum, and welds 
ground smooth. Faying surfaces of 
joints between stainless and othe: 
metals should be eliminated or insu 
lated. Wood and other porous ma- 
terials absorb and slowly build up 
high concentrations of corrodents. 
In the restricted oxygen-poor area of 
a joint (especially under gaskets) 
active corrosion can proceed easily. 

Gaskets or packing containing 
graphitic materials accelerate such 
action. Plastics, fiber, or synthetic 
products containing asbestos should 
be specified instead. Zinc chromate 
paints should be used to separate 
stainless steel and wood. 

A designer should not count on 
same behavior in fabricated metal as 
seen in sample corrosion tests. Corro- 
sion resistance is a property of the 


by RICHARD E. PARET, Stainless Steel Specialist, American Iron and Steel Institute 


18:8 Molybdenum 


filling machine. 


Other typical applications: 


Type 316, a molybdenum-bearing 18:8, is used in this bottle 


equipment, heat exchangers, photographic equipment. 








chemical process 


























particular type, the way it is fabri- 
cated, and the environment in which 
it is being used. A slight change in 
fabrication or (more often) in the 
environment can completely invali- 
date conclusions based on a labora- 
tory test. If the alloy with the great- 
est corrosion resistance is always 
specified, the likelihood of successful 
application is enhanced. But this can 
be an expensive if not wasteful way 
of proceeding—especially now when 
there is a definite shortage of nickel- 
bearing alloys of all types. Specially 
devised, on-the-spot tests can, there- 
fore, be valuable and helpful in 
choosing. 

Exposure should be under the same 
conditions of temperature (heating 
and cooling) as the final equipment 
and to the same series of corrodents. 


The 12% Chromium Grades 


The 12% chromium stainless steels 
(actually 11.5—14% chromium) are 
the “‘leanest’’ stainless types in quan- 
tity of alloying elements. Harden- 
able by heat treating, these erosion 
and wear resistant alloys have fair 
cold forming characteristics and are 
satisfactory for hot work or forging. 
Most are air hardening and must be 
slowly cooled or annealed after forg- 
ing to prevent cracking. Both the 
corrosion resistance and mechanical 
properties of these steels are directly 
dependent on the heat treatment ac- 
corded them. They have maximum 
corrosion resistance in the fully har- 
dened condition. 

Typical of the 12% chromium 
stainless formulations is Type 410. 
Like the other alloys in this series it 
is not recommended for use where 
severe corrosion is encountered al- 
though it is still very useful for many 
applications. Keys, cutlery, hardware, 
machinery parts, and handling equip- 
ment for abrasive materials all take 
advantage of Type 410’s excellent 
mechanical properties and wear re- 
sistance. This alloy also offers excel- 
lent resistance to scaling at tempera- 
tures up to 1200 F and can be used 
races Pi for furnace parts operat- 
ing below that temperature. However, 
prolonged exposure at about 900 F 
results in embrittlement when it is 
cooled to room temperature. 

Other 12% chromium stainless al- 
loys are formulated for a specific set 
of desirable characteristics. Thus 
Type 403 is made to special quality 
requirements for steam _ turbine 
buckets. 

For parts such as valves, instru- 
ment parts, fittings, cams, etc. Type 
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416, the most readily machinable of 
all the stainless steels, is used. Type 
416 displays the same order of cor- 
rosion resistance as the other alloys 
of the group and has similar me- 
chanical characteristics except for im 
pact strength under severe conditions. 
The alloy is 85-90% as machinable 
as Bessemer screw stock (B-1112) 
while Type 410 is only about 54% 
as machinable. 

All the alloys of the 12% chro- 
mium stainless family are weldable. 
However, sound welds involve the 
use of special techniques. The high 
hardenability of these alloys can 
cause cracking unless the weld is 
both preheated and postheated. The 
entire unit should be annealed if pos- 
sible. Economic considerations usu- 
ally limit the size of the unit that can 
be so treated. 

For such cases, Type 405 is often 
specified to take advantage of its 
non-hardening nature. A low carbon 
analysis (C=0.08% max) and 
aluminum retard this alloy’s harden- 
ing and give welded areas that re- 
main softer and more ductile than 
those of the other 12% chromium 
stainless steels. 

Stainless Types 440A, 440B, and 
440C are also heat treatable. They 
can attain the highest hardness of 
any of the stainless steels and have 
their best corrosion resistance when 
in the fully hardened condition. 

These alloys are especially useful 
if equipment calls for hardened parts 
such as bearings, surgical instru- 
ments, or specially wear resistant 
valves. They are more resistant to 
corrosion than the 12% chromium 
stainless alloys though slightly less 
resistant (despite their 16-18% 
chromium content) than the 17% 
chromium stainless steels. , 


The 17% Chromium Grades 


The 17% chromium stainless steels 
show the best combination of corro- 
sion resistance, useful mechanical 
properties, and good formability of 
any of the straight chromium types. 
The increased chromium content 
makes them much more corrosion 
and heat resistant than the 12% 
chromium alloys. They approach, for 
some applications, chromium-nickel 
types 301 and 302 in both fabricat- 
ing ease and corrosion performance. 
However, this group is not harden- 
able by heat treatment nor does it 
respond to cold work to any great 
extent. 

The basic 17% chromium stainless 
steel is Type 430. Mechanically it 


is somewhat better than 
and it has better corrosion resis... 
than Type 410. Type 430 js use: 
many applications where 
scaling at high temperatures 
portant. Its low coefficient of ¢,, 
sion and high chromium 
retain (under oxidizing condition.) 
tight protective scale which rem,... 
on the surface of the meta] ae 
when the equipment is h r 
cooled repeatedly. 

Type 430 can be successful}, 
welded, but care must be taken { 
weld at minimum temperatures fo, 
the shortest allowable time. Expo. 
sure of Type 430 to welding heat 
may cause rapid grain growth with 
subsequent brittleness at weld boup. 
daries and formation of martensite 
Under some conditions this appears 
to increase the alloy’s susceptability 
to corrosive attack. 

For assemblies that require a great 
deal of welded fabrication, however 
Type 430T can be specified. Type 


nild Steel 


ated ind 
and 


430T (sometimes called Type 430Ti) § 


is a nonstandard titanium-containing 
modification of Type 430 especial 
produced for its good welding 
qualities. 

If machinability in the 17% chro. 
mium stainless corrosion range is of 
primary importance, then Type 430F 
is usually specified. A phosphorous, 
sulfur, or selenium-containing alloy, 
Type 430F displays machinability 
characteristics almost equal to those 
of Type 416 (90-95% Bessemer 
Screw stock). 

There is another non-hardenable 
chromium stainless steel, Type 446 
which finds special application for its 
high temperature resistance both to 
scaling and to sulfur-containing flue 
gases. Its coefficient of expansion 's 
close to that of glass, making it use- 
ful for glass molds and metal-glass 
seals, 


The 18:8 Grades 


The 18:8 stainless steels (18 chro 
mium, 8% nickel) have long beet 
established in industry. They 10 
uses in storage tanks, shipping co” 
tainers, conveyors, industrial 0 
household appliances, fasteners, high 
temperature machinery parts. The 
corrosion resistance is so well knows 
that it has become almost a standard 
of comparison for the performanc 
of other materials. 

While some other materials match 
these alloys in corrosion resistance, 
few can take the mechanical! abus 
that the 18:8 stainless stec!s ©. 
These steels display excellent duc: 


MATERIALS & METHODS 
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cility an toughness over a wide tem- 
ature range. They offer great free- 
a in choice of fabricating meth- 
“ic This freedom makes possible 
si complex designs, light 
ht. and speedy availability of 

plant units made of stain- 


isic alloy of the group is 

This alloy has good cor- 
-osion resistance, can be cold worked 
‘o high tensile strengths, is non-mag- 
netic when annealed, slightly mag- 
netic when cold worked. It retains 
its good mechanical properties to 
very low temperatures. 

The addition of silicon to the 
Type 302 (Type 302B) improves 
resistance to scaling or oxidation at 
high temperatures. The silicon (2-3 
per cent) has the effect of develop- 
ing a thin tight scale on the steel 
when it is heated. Upon cooling this 
scale does not flake off readily, there- 
fore, no new surface is exposed. 

For those parts which require a 
great deal of machining, a free- 
machining 18:8 stainless steel has 
been formulated. Type 303 has a 
machinability rating equal to 60-70% 
of Bessemer Screw stock. This com- 
pares to a rating of 45% for the 
other 18:8 stainless steels. Its free 
cutting qualities aid in chip control, 
and Type 303 1s less likely to gall 
and seize than other compositions. 
This combination of non-galling 
with easy machining characteristics 
makes it an excellent material for 
valve or pump parts or for similar 
equipment in which movable steel 
surfaces are in contact. Type 303 
is slightly less corrosion resistant 
than Type 302, though the difference 
is scarcely measurable. 

If somewhat more corrosion resis- 
tance is desired than is afforded by 
Type 302, Type 304 can be specified. 
Type 304 is a rich 18:8. Its chro- 
mium and nickel content can be as 
high as 20-11, though the nominal 
percentages are 19 and 9, Perhaps 
more important, the maximum allow- 
able carbon content is limited. 


Type 304 is often used where ex- 
tensive welding must be done in the 
fabrication of equipment. An or- 
dinary 18:8 stainless with 0.08 to 
0.20% carbon, precipitates carbides 
in the 800-1500 F range. As the 
metal cools through this range after 
welding, any protracted delay will 
affect an area parallel to and adjacent 
to the weld. This area will be vul- 
nerable to intergranular corrosion 
alony the grain boundaries when sub- 
jected later to corrosive media. 
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Limiting the carbon content to 
0.08% maximum in Type 304 in- 
creases the time required for harmful 
carbide precipitation to occur. Weld- 
ing and cooling Type 304 will not 
usually reduce corrosion resistance 
below the requirements of ordinary 
Service. 

If heavy plate or sheet stock is to 
be welded, however, or if the equip- 
ment will be operated in the 800- 
1500 F sensitizing range, it may be 
desirable to use Type 304L, a 0.03% 


carbon modification which will 
reduce carbide precipitation _ still 
further. 


Types 308, 309, and 310 stainless 
steels contain more chromium and 
nickel than the 18:8s. The addition 
of these alloying elements in greater 
quantity increases corrosion resistance 
somewhat, but the same purpose can 
be served by specifying one of the 
molybdenum bearing 18:8's. Types 
308, 309, and 310 are usually used 
for their excellent heat and scale 
resisting qualities. 

Type 308 finds wide use as weld- 
ing rod. The extra nickel lends 
ductility to the weld and the extra 
chromium replaces chromium lost 
through dilution. Thus, good tough- 
ness and corrosion resistance at the 
weld are assured. Occasionally Type 
308 is used for welding stainless to 
carbon steel. Lining of vessels by 
plug welding stainless steel, to carbon 
steel plate is often done to salvage 
corroded equipment. 

Both Types 309 and 310 possess 
creep strengths and oxidation resis- 
tance superior to Type 302 at tem- 
peratures approaching 1900 F and 
above. However, these alloys should 
be avoided if high sulfur conditions 
exist at such temperatures, since sul- 
fur attacks them along the grain 
boundaries. The straight chromium 
stainless Type 446 is often recom- 
mended for this particular condition. 

If equipment must be used in the 
800-1500 F sensitizing range or if 
thick, complicated sections must be 
welded and kept hot for some time, 
Type 304 might become vulnerable 
and give trouble under corrosive con- 
ditions. Although Type 304L can be 
specified, a conventional means of 
doalinte with the problem is to use 
the stabilized stainless alloys, Types 
321 and 347. Type 321 contains 
titanium and Type 347 contains col- 
umbium to control the carbide pre- 
cipitation. These elements have more 
affinity for carbon than chromium 
does. Both alloys are essentially Type 
304 stainless so far as their corrosion 





resistance and mechanical properties 
are concerned. Type 347 has proved 
particularly valuable when extremely 
complex weldments must be made by 
straight arc welding without a shield- 
ing atmosphere. 


Molybdenum-Bearing Grades 


Generally, the most corrosion-re 
sisting standard stainless steels are 
the molybdenum-bearing grades. The 
addition of molybdenum has the 
specific effect of raising corrosion re- 
sistance of 18:8 stainless to such 
media as sulfurous acid, sulfuric 
acid, phosphoric acid, and various 
hot organic acids. Resistance to pit- 
ting is substantially bettered. These 
grades also have the highest creep 
strengths at elevated temperatures of 
any of the standard stainless steels. 

Type 316, the basic modification, 
gives useful service at room tempera- 
tures in sulfuric acid of concentra- 
tions lower than 15% and higher 
than 85%. As the temperature rises, 
the corrosion rate also increases, and 
even Type 316 is not very useful 
under elevated temperature condi- 
tions. However, additions of ferric 
sulfate, copper sulfate, nitric or chro- 
mic acids to the solution will greatly 
reduce attack and have permitted 
many economical applications of 
Type 316. 

Where extensive welding is in 
order, Type 316L, a low carbon 
modification of Type 316 (Carbon 
—0.03% max) is available. Type 
316L resists harmful carbide precipi- 
tation from welding but should not 
be used if service temperatures are 
over 800 F. 

Even greater corrosion resistance 
can be obtained if Type 317 is used. 
This is essentially a modification of 
Type 316 with increased molybde- 
num to meet more severe conditions. 
While useful wherever Type 316 
finds application, Type 317 is especi- 
ally recommended for textile equip- 
ment, and the manufacture of inks 
and pharmaceuticals. It excells in 
places where freedom from contami- 
nation is necessary. At the present 
time, due to emergency restrictions, 
Type 317 is not generally available. 

There is a non-standard modifica- 
tion of Type 316 which is finding 
increasing use in particularly severe 
applications where intricate welding 
must be performed on heavy plate on 
where the equipment must operate 
continuously at sensitizing tempera- 
tures. This modification—sometimes 
called Type 318—contains colum- 
bium as a stabilizing component. 
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Two New Developments 
in the Fluorocarbon Plastics 





KEL-F DISPERSION COATING is on inside of this aluminum test dish. After 2.25 hr ex- 
posure to boiling concentrated hydrochloric acid, and 5 day exposure to 98% concentrated 
white fuming nitric acid at 150-170 F, the film shows no corrosion, blisters or fractures. 


A Coating for Aluminum 


. . . has excellent adhesion and corrosion resistance. 


With all the advantages inherent in 
the fluorocarbons, their use has been 
somewhat restricted due to fabrica- 
tion problems which have been dif- 
ficult to overcome. One of the main 
troubles arises from the difficulty in 
bonding these plastics either to them- 
selves or to other materials. Recently 
great strides have been taken both 
in fusion bonding of the fluorocar- 
bons to themselves, and in laminating 
the plastics to other types of ma- 
terials. 

The Connecticut Hard Rubber Co. 
has now developed a _ method 
whereby aluminum can be covered 
with a Kel-F coating, the thickness 
of which ranges from 0.005 in. up- 
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wards, the optimum being approxi- 
mately 0.010 in. The temperature and 
time combination used in the treat- 
ment is such that the physical and 
chemical properties of neither the 
aluminum nor the plastic are sub- 
stantially changed. 

The coating, applied from a dis- 
persion, has no pin holes and is so 
tightly bonded to the metal that it 
cannot be peeled or stripped. Tests 
by the company have shown that 
lengthy exposure to highly corrosive 
agents will not blister or lift the film. 
Due to the good adhesion of the film 
and the elastic properties of the 
plastic, the coated metal can be bent 
and deformed without rupturing or 


—A NEW MATERIALS PREViEw 


damaging the protective coating. This 
presents obvious manufacturing ad. 
vantages in that a sheet of aluminum 
may be coated first, then drawn o; 
formed to the desired shape. 

The process provides the light. 
weight metal with a coating which 
possesses all the properties of the 
plastic which are so important for 
corrosion resistance applications, 
namely: retention of properties over 
temperatures ranging from —320 to 
390 F; chemical inertness to most 
organic solvents, strong acids and 
caustics, and oxidizing agents; a ten- 
sile strength of about 5700 psi; 2 
dielectric constant of 2.8 to 2.3; a 
dielectric strength of 390 to 5000 
volts per mil. 

Connecticut Hard Rubber Co. te 
ports that the process is now availa. 
ble to manufacturers on a contract 
basis at their New Haven plant, 
where the work will be done. The 
process 1s adaptable to parts of all 
reasonable size and shape, and even 
tubes of intricate configuration can 
be successfully coated, inside or out. 
The company believes the process 
will also be applicable for steel parts, 
but as yet research has not been 
completed. 

Developmental work on the proc- 
ess was spurred by the growing need 
in the liquid-propellant guided mis- 
sile field for materials, both for stor- 
age facilities as well as in the mis 
siles themselves, which would with- 
stand the highly corrosive acids used 
as fuel. Kel-F coated aluminum pos- 
sesses approximately the same cor 
rosion resistance properties as glass 
but eliminates the prohibitive break- 
age factor. The company foresees 4 
wide application of the process in 
this field both for the lining of tanks 
that must store the fluids for an ex- 
tended period of time, and for those 
parts of the missiles that are exposed 
to the fuels. 

The high price of the commercial 
fluorocarbons is limiting, of course, 
but for selected high service applica- 
tions, the new process is also ¢x- 
pected to find a multitude of uses for 
compressed gas storage facilities and 
chemical processing equipment 11 
general. 
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TWO FLUOROCARBON TAPES, one with Kel-F (left), and the other with Teflon (right), 
will adhere equally well to almost any material. Sprayed with water at —65 F, the two 


tapes maintain their adhesion to all types of materials. 


A Pressure-Sensitive Tape 


-.. retains good adhesive qualities over wide temperature 


range. 


An innovation in the field of 
fluorocarbons has been announced by 
The Connecticut Hard Rubber Co. 
in the form ef a pressure sensitive 
tape made of either Teflon or Kel-F. 
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Tapes and films made of the fluoro- 
pa have found wide industrial 
use, particularly in electrical applica- 
tions due to their excellent insulating 
properties. Now, however, these ma- 








A RELATIVELY RECENT addi- 
tion to the plastics family, the 
fluorocarbons have been of great 
interest to manufacturers due to 
their outstanding properties. Not- 
able among these are their excel- 
lent mechanical stability, their 
high resistance to most corrosive 
materials, and their high dielec- 
tric strength. The combination of 
these properties makes the ma- 
terials most desirable for use in 
the chemical and electrical in- 
dustries, and many others where 
insulation and protection against 
corrosion is an important factor. 
Commercially the fluorocarbon 
plastics are produced by E. I. du 
Pont de Nemours & Co. under 
the trade name Teflon, by the 
M. W. Kellogg Co. as Kel-F, 
and by the Bakelite Co. as Fluo- 
rothene. 











terials can be applied like any ad- 
hesive tape, yet retain all the advan- 
tages inherent in the fluorocarbon 
materials. This new material will 
allow manufacturers to apply their 
own corrosion and solvent resistant 
coatings to their product at their own 
plant. 

Made possible by the recent devel- 
opment of a silicone adhesive ma- 
terial, the tape consists of a strip of 
Teflon or Kel-F to which the silicone 
adhesive is bonded by a special 
process. The adhesion of the tape 
to various metal surfaces is about 
32 oz per in., and the silicone ad- 
hesive remains strong and tacky over 
a range of temperatures from about 
300 F to below —65 F. 

According to the company, the 
process by which the adhesive is 
bonded to the tape does not adversely 
affect the fluorocarbon polymer, so 
the finished tape retains all the basic 
physical, chemical and_ electrical 
properties of the material, unim- 
paired. The tape can now be ob- 
tained in widths up to 24 in. 

Uses for the new tape are many 
and varied; from wrapping ends and 
splices in Teflon or Kel-F insulated 
wires and cables, to providing non- 
adhesive surfaces in containers, on 
tables, or on the jaws of heat sealing 
equipment. Small containers can be 
lined with a single layer of pressure- 
sensitive fluorocarbon tape, or the 
adhesive can be applied to shaped or 
curved fluorocarbon surfaces which 
can then be pressed to the part, pro- 
viding a corrosion and solvent resis- 
tant film. 
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In this aircraft fuel valve, O-ring is used as static seal in place of gasket. 


Materials For O-Ring Seals 
—Their Properties and Selection 


Natural and synthetic rubbers, silicone elastomers, and certain 
plastics meet the exacting requirements demanded in liquid 


and gas-tight seals. 


by E. L. CARLOTTA, 


Director of Rubber Research and Development, The Parker Appliance Co. 


@ IN ORDER TO make the joint be- 
tween two assemblies liquid or gas 
tight, it is often necessary to use a 
seal with enough flexibility to pro- 
vide effective closure in flexible joints 
or between slightly mismatched sur- 
faces. Devices such as gaskets, pack- 
ing and caulking are commonly used 
as leakproof seals for such assem- 
blies, and a type of gasket com- 
ing into broad use is the O-ring. 


Unlike conventional gaskets, the 
O-ring does not approximate the 
shape of the gap to be filled, but is 
gee like a doughnut or torus-ring 
and achieves sealing action by com- 


pression, which distorts the ring be- 
tween the joined members. 
O-rings possess certain advantages 
over conventional gaskets, particularly 
in seals involving greater freedom of 
movement, non-mating surfaces, vari- 


Long life and reliability are needed by 
the materials in the O-ring seal in this 
synchro style torque pressure transmitter 
made by U. S. Gauge. 


ations from a flat surface, and latitude 
in the space between the surfaces. 
While O-vings are frequently used as 
simple gaskets for static sealing, they 
are the most widely used moving or 
dynamic seal other than simple pack- 
ing, as they provide an effective bar- 
rier during reciprocating, rotary o1 
oscillating motion. Service conditions 
for moving seals are severe, as pres- 
sures in industrial hydraulic systems 
are of the order of 1500 psi and may 
go as high as 3000 psi in aircraft. 

O-rings in hydraulic systems are 
lubricated effectively by the fluid in 
the system, but lubrication must be 
provided in pneumatic installations. 
It is of vital importance in moving 
installations that metal surfaces in 
contact with the seal be carefully fin- 
ished to avoid abrading the O-ring 
material. 

The standard form of seat for the 
O-ring, especially when used as 3 
moving seal, is the rectangular groove. 
The depth of the groove plus the 
clearance between members must be 
slightly less than the cross-sectional 
diameter of the ring, since the O-ring 
seals by distortion, and there must be 
a slight precompression to effect the 
seal. At no load or very light !oad, 
the slight distortion of the ring 
between the bottom of the groove 
and the opposing surface seals agains! 
the passage of liquids or gases. As 
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Principle of operation of O-ring seals. 


the pressure incieases, the O-ring is 
squeezed against the opposite side of 
the groove and is further distorted so 
that it bears tightly against the bot- 
tom and side of the groove and the 
opposing surface of the other mem- 
ber of the assembly (see accompany- 
ing sketches). When O-ring seals are 
used at pressures above 1500 psi, the 
rectangular groove may be enlarged 
and fitted with “back-up” rings of 
leather, plastics, or similar material to 
prevent the O-ring from being ex- 
truded through the clearance space in 
the joint. 


Material Requirements and 
Selection 


Requirements for materials for 
O-ring service are exacting. Natural 
and synthetic rubbers, silicone elas- 
tomers, and plastic elastomers meet 
many of the following prerequisites: 


1. Elasticity. The O-ring seals by 
deformation, so materials with good 
flexibility are required. 

2. Precision forming. The rings 
must be formed to close tolerances if 
they are to provide leakproof closures. 

3. Resistance to the fluid being 
sealed. Because of the nature of the 
service, the material used for the 
O-ring must be resistant not only to 
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O-ring in 


rectangular grove 
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O-ring with 


non-extrusion rings 


Relative positions of O-ring with and without back-up or non- 


extrusion rings at increasing pressures. 


chemical deterioration, but to swell- 
ing or dimensional change. 

4. Temperature stability. The ring 
material must retain satisfactory prop- 
erties over a fairly wide service tem- 
perature range, which may extend 
from about —100 F to 500 F. 

5. Adequate strength. Elongation 
and torsional strength must be: sufh- 
cient to withstand stretching during 
installation and service, and twisting 
during motion of the parts. 

6. Resilience. Low permanent set 
under compression at service temper- 
atures is required to maintain a seal 
under changing loads or in flexible 
applications. 

The combination of requirements 
for O-ring service is difficult to fill. 
Most elastomers have limited resis- 
tance to many organic compounds 
and have a narrow operating temper- 
ature range. Maximum properties in 
every category, however, are not 
necessary for every application, and 
many special formulations of mold- 
ing materials have been developed 
over the past five years to meet virtu- 
ally every need. The accompanying 
table lists a partial selection of vari- 
ous service categories for which such 
special compounds have been devel- 
oped by Parker —- Co. 

An example underscoring the diffhi- 
culty encountered in matching a seal- 
ing material to the fluid handled (as 
well as with ambient conditions) is 
the fact that aviation fuels distilled 


from geographically different crudes 
may have critically different effects on 
materials used in fuel system O-rings. 


Materials and Characteristics 


Compounds used for O-rings de- 
rive their characteristics largely from 
the base elastomers from which they 
are compounded. New materials have 
ied to applications for which O-rings 
could not have been considered a few 
years ago. It is now possible, for 
instance, to handle Freon-type gases 
in O-ring sealed refrigeration systems. 

Natural Rubber — When properly 
vulcanized, natural rubber has good 
strength, excellent extensibility, and 
can be molded to close tolerances. It 
has good resistance to most chemicals, 
but has poor resistance to oils in gen- 
eral. Gasoline and aromatic aircraft 
fuels soften and swell natural rubber 
and will eventually dissolve it. Nat- 
ural rubber, of course, softens and 
swells excessively in petroleum oils, 
turpentine, carbon disulfide, chloro- 
form, benzene and carbon tetrachlo- 
ride. Vegetable oils such as castor oil 
cause moderate swelling. Natural rub- 
ber materials have good flexibility at 
temperatures as low as —65 F, and 
can be formulated for service at 
still lower temperatures. Most rubber 
softens at temperatures above 200 F, 
but can be formulated. to serve at 
temperatures perhaps a hundred de- 
grees higher. 
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Butadiene-Styrene Synthetic Rubber 


Commonly called GR-S_ rubber, 
this is the most widely used synthetic 
rubber, and resembles natural rubber 
in most of its properties and limita 
tions, such as swelling in the presence 
of petrochemicals. It 


extensible as the 
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RUBBER TO 
METAL SEAT 


Good strength and wearing characteristics are required of special molding compound for 
O-rings used in soft seat relief valves (left). 


seal above. 


petroleum oils, including gasoline 
and aviation fuel, and to vegetable 
and animal oils. It is the most used 
of the oil-resistant rubbers and is 
capable of gasketing hydraulic sys 
tems or internal combustion fuel sys 


tems. It is serv iceable al tempe¢ ratures 


up to about 350 F, and by prope: 
formulation retains resiliency to 
75 F. Sunlight and ozone resis 
tance are better than natural rubber, 


and strength is generally good. 
Chloro prene Rubber 
Familiar as the neoprenes, these rub 


ae, 
Synthetz 
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METAL SEAT 


Another compound is used for the static cap 
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Aircraft fuel system sealing is acid test for special compound synthetic rubber O-rings. 


Resistance to aromatic fuels and extreme temperature range is required of dynamic seal 


O-ring at valve stem (A) and of static rings at port adaptor and bottom cap (C). 
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bers include a series with a r 
properties generally characterized | 
good heat, sunlig’ 
petroleum o 
The service temperatt 
members of this group rang 
ibout —70 F to 250 F. St 
extensibility and flexure are fa 
Butyl Synthetic Rubber—} 
tanding property of 


resistance to 
abrasion, ozone, 


aging. 


butyl ri 

its imperme ability to gases. 
possess fair chemical resistance, and 
are suitable for use as a barrier agains 
dilute acids and alkalies. Resistanc 
to vegetable and animal oils is goo 
but resistance to petroleum oils 
poor. Service temperatures range from 


-65 F to about 300 F. 

Polysulfide Synthetic Rubber—Th 
major property of these rubbers 
marketed as Thiokol, is high resis 


tance to chemical attack. They have 
good resistance to petroleum oils, 
gasoline, aviation fuel, benzene (car- 
bon tetrachloride, acetone), most or- 
ganic solvents, and most hydraulic 
fluids, but have poor moisture resis. 
tance, low strength, and inferior heat 
resistance. They withstand low tem 
peratures, being serviceable to about 
65 F. The upper service temperatur: 
limit is about 160 F. Resistance to 
ozone and sunlight is good. 

Silicone Elastomers — These are 
primarily elevated-temperature mate 
rials, with a top service temperature 
of about 525 F. They are also use 
ful for unusually low temperatures, to 
about —110 F, and because of this are 
often chosen as a seal against liquid 
air. Chemical resistance generally is 
fair, but resistance to petroleum hy 
drocarbons is poor. Strength proper 
ties are poor. 

Use of other elastomers has been 
limited by difficulties in precision fab 
rication and by the rather poor elasto 
meric qualities of most of them com- 
pared to the natural and synthetic 
rubbers. When formulated to possess 
good flexibility, most of the elas- 
tomers lose quality because the plas- 
ticizer reduces strength chemical re 
sistance and heat resistance. 

Polyethylene plastics have excellent 
chemical resistance, and can be used 
without addition of a plasticizer. 
Some of the fluoro-elastomers, such as 
Teflon and Kel-F, are valuable mate- 
rials for simple gasketing, due to 
their chemical inertness and good re- 
sistance to elevated temperatures, and 
some of the compounded vinyl plas- 
tics also provide useful gasketing 
material, since they possess good 
strength with a high degree of chem- 
ical resistance. 
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Typical Synthetic Rubber Compounds for Special Service O-Rings 
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—§50 to +275 80 | 220 
| sion resistance ) 





— 
Compound Compound Applicable Temp Range, |Hardness|  Elong, Tensile, 
Base No. Specifications Application F Shore A %Y Psi 
AiR AND GAS SERVICE | 
Neoprene 601-9 AMS 3242 | Air, gas, weather resistance 40 to +250 80 150 1900 
B N 392-7 USAF 26613, | Engine oil, weather resistance 65 to +200 60 300 1800 
11, B 
B 372-23 Hydrogen gas, mild acid and alkali solu- 40 to +225 65 500 160 
tions, methyl] chloride, lindol, skydrol 
COOLANT SERVICE 
Buna N 480-1] AMS 3211 Hot ethylene glycol mixtures—(for 50 to +300 60 300 800 
— and sealing joints 
Buna N PS-20-11 tigh pons § ethylene glycol, alcohols, | —65 to +300 65 350 2135 
engine and lubricating oils 
DRY HEAT SERVICE : 
Silicone 467-1 AMS 3305 Air, gasses (static seals — 100 to +500 80 70 600 
Buna N 365-10 AMS 3201 Dry heat (packings, bushings, seals —50 to +275 40 300 1200 
Neoprene 601-5 AMS 320? Dry heat (seals, packings) 40 to +300 60 250 1500 
FUEL SERVICE 
Buna N 1009-10 MIL-P-5315 A | MIL-H-3136 fuels—(medium swell, less | —70 to +212 70 | 200 1200 
shrinkage after dry out 
Buna N 481-2 AMS 3214 ASTM No. 1 and ASTM No. 2 fuels —40to +200! §0 400 1400 
Buna N 390-3 AMS 3215: ASTM No. 1 and ASTM No. 3 fuels— | —50 to +200 70 275 1300 
AF 26554, 1, D| (relatively high swell in aromatic fuels) 
Buna N 360-1A ae Diesel fuel oil — 40 to +250 65 275 1214 
Buna N 443-2 AMS 7270 Aromatic and non-aromatic fuels, gen- | —65 to +250 70 265 2030 
eral purpose 
Buna N PS-10-13N| MIL-P-5315 A | Aviation gasolines, MIL-H-3136 types 1 | —70 to +160 55 325 1500 
and 111, AN-F-58 kerosene 
HYDRAULIC SERVICE 
Natural Rubber PS-40-5 —— glycol type automotive brake | —50 to +250 70 300 2600 
uids 
Buna N PS-20-5 J.1.C. hydrau- | SAE oils 10, 20, 30; automotive brake | —60 to +250 70 =| 300 2300 
lic standards | fluids; water; air (general purpose com- 
ound ) | 
Buna N | 145-140 | MIL-G-5510 Hydraulic fluid MIL-O-5606; alcohol —65 to +225 90 | 100 1340 
| | mixtures; water; air silicone oils 
GR-S 255-5 -- Brake fluids, SAE-R-70 or MIL-F-2111, | —40 to +250 70 220 2100 
| non-mineral oil service 
LOW TEMPERATURE SERVICE 
Neoprene §81-1 , Petroleum base lubricants —85 to +275 60 350 2000 
Neoprene 601-10 AMS 3205 With lubricating oils 75 to +215 50 400 1500 
Silicone 467-1 AMS 3305 With many solvents and chemicals; air; 100 to +500 80 70 600 
oil; water; gases 
LUBRICATING AND ENGINE OJL SERVICE 
Buna N 323-1 | AMS 3227 Hot oils 40, 50, 60; AN-VVO-46; alco-| — 50 to +300 60 300 1500 
hol; coolants—(low swell compound, 
Buna N | 430-] AMS 3228 Hot oils; coolants - 50 to +300 70 250 1500 
Buna N | 367-11 AMS 3229 Oil resistant applications—(low swell 40 to +225 80 170 1500 
| compound ) 
Buna N | 435-2 AMS 3220 Greases; fuel oil; AN-F-42 type 1 fuel; | —40 to +325 60 400 2200 
| gasoline; kerosene; water 
Neoprene 601-4 | AMS 3222 =| Hot petroleum base oils (high swell | —50 to +300 50 400 1500 
| | compound) | | 
WEATHER RESISTANT SERVICE 
Neoprene 601-1 | AMS 3240 =| ~ Weather resistant — 40 to +250 40 350 900 
Neoprene | 601-8 AMS 3241 | Weather resistant (chloroprene type) —50 to +250 60 | 250 1500 
Neoprene | 601-11 | AMS 3209 | Weather resistant and sunlight resistant | —50 to +200 70 200 1700 
MISCELLANEOUS SERVICE 
Neoprene 614-1 - Excellent resistance to Freon 12,22, and | —65to +275 | 70 | 250 2000 
paint solvents | | 
Buna N 284-9 ~_ —— in food and beverage in- —50to +300) 70 | 160 | 2140 
ustries | | 
Buna N 187-4E ~~ Hot oils, coolants (graphited rubber | —40to+325| 70 | 345 | 2040 
compound ) | 
Silicone Type Parkone -— | Most dilute and some concentrated acids; — 100 to +500 | 40 to 80| 400 at 50 | 800 at 50 
| 1,2,3,4,5 | oils; solvents; alkali solutions | durometer | durometer 
Thiokol | 147-64 — | Aromatic and non-aromatic fuels—(low | —40 to +200| 65 250 1000 
| swell); oils; solvents | 
Neoprene | 597-1 — Applications requiring soft rubber —65 to +225 40 | 815 | 2020 
Buna N | 621-1 — Rotary seals—Clow friction; high abra- | 1650 































Furnace brazing steel units to form small motor mufflers. 
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Copper and Silver Brazing Simplify Jo 


Combination of proper brazing techniques and simple shapes 1) improves efficiency in pro- & 


duction of small, complicated parts and 2) permits use of dissimilar metals. 


@ IN THE DESIGN of fabricated parts, 
the continual trend is toward simplifi- 
cation in order to reduce the over- 
all manufacturing costs. In line with 
this trend, there is a growing recogni- 
tion of the advantages to be gained 
by breaking up small, difficult-to- 
fabricate assemblies into simple com- 
ponents that lend themselves to stamp- 
ing, casting, forging, or to straight 
screw machine operations, then com- 
bining the pieces into a composite as- 
sembly by welding or brazing. This 
method offers another economic ad- 
vantage: when certain sections of a 
piece should be made of a metal pos- 
sessing some properties not required 
in the whole, these sections can be 
made of a suitable metal, and joined 
to the other parts made of a less 
costly metal. 

For this type of operation brazing 
has the advantage over most other as- 
sembly methods of being well suited 
to mass production techniques. After 
the joining metal has been placed on 
the parts they are usually stacked in 
trays or baskets to be carried through 
the furnace. Since the use of fixtures 
to hold the parts during brazing is 
costly and time consuming, where a 
press fit is impossible a small spot 
weld or a rivet may be used to hold 
the pieces. The joining of the parts 


10G 


is accomplished by the melting of 
the filler metal as it comes up to fur- 
nace temperature and the subsequent 
solidification as it cools. By passing 
the baskets of work-pieces through a 
continuous furnace the production 
rate can be very high. The end re- 
sult is a one-piece assembly which is 
strong, leakproof, and will withstand 
relatively high pressures. 


Copper Brazing 


Two filler metals used commonly 
by the Huber Metal Processing Co. 
are copper and silver brazing alloys. 
Most of the copper brazing is done in 
controlled atmosphere furnaces which 
reduce scaling of the metal at the 
2050 F temperature used for copper 
brazing. In rare instances copper in- 
duction brazing is used, but the in- 
duction heating technique is mainly 
limited to brazing with the silver al- 
loys. The standard atmosphere used 
is a reacted natural gas of about 40% 
hydrogen, with some carbon mon- 
oxide and the remainder nitrogen, 
though for copper brazing of stainless 
steel, a pure hydrogen gas is used. 

Since copper has a low surface ten- 
sion at brazing temperatures, the best 
bonds are made with a close fitting 
joint, such as that obtained in a press 


fit. The strength of the bond may be 
improved by telescoping the joints. 
This will increase the overlap and if 
enough copper is provided the over- 
lap will be completely filled. In case 
of an open fit, where the pure copper 
filler will not close over, a copper 
paste with a small amount of iron 
powder added to improve the viscos- 
ity should be used. 

There is a variety of techniques for 
applying the copper filler metal to the 
joint, depending on the individual 
job. When, due to the method of 
assembly, there is no room to place 
the filler metal between the faying 
surfaces of a joint, copper paste ap- 
plied at the edge of the joint will 
How into the seam by capillary ac 
tion; or sometimes :t is desirable to 
place the copper a short distance from 
the joint. For example, when joining 
two pieces of greatly unequal mass, 
the smaller one will heat much fastet 
than the larger, the copper will melt 
before both parts have reached furnact 
heat, and a poor bond may result. 
Placing the copper a short distance 
from the seam delays the application 
of the filler metal until both parts 
reach the proper temperature. 

The copper brazing metal is avail 
able in several forms: wire in a range 
of sizes, sheet stock in a variety of 
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or paste. The wire may be 

o rings for circular type appli- 

The sheet or foil can be die 

the exact shapes required, 

d neatly around the contact 

races Bits of sheet are also 

to place at contact points in 

rical joints [he prepared 

hich contains the metal or an 

oxide of the metal is used mainly 
where it is required to flow into a 
ret n a press fit. or where the 
bonding material must be placed on 
the underside of the work surface 
Also, since it is difficult to handle 
small pieces of wire or sheet without 


loss, the paste is useful where tiny 
joints require small amounts of the 
brazing metal. 


Silver Brazing 


There are applications where silve: 
induction brazing is more onomica! 


mart 
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lust De used due To tne icula 
| certain job. The 
configuration of some parts 1s such 
that if they were put in a furnace, 
warpage would occur. This can be 
avoided by induction heating since in 
this process the heat is localized to 
the joining sections of the parts. In 
addition, pieces difficult to position in 


by L. F. KLEIN, Vice President & General Manager, Huber Metal Processing Co. 


Joining of Complicated Parts 


Gas appliances are prepared for the furnace by the addition of copper paste. 


&* 


the furnace may be induction brazed, 
and multiple fixtures should be used 
to gain the full production potential 
of the heating machine. 

Silver brazing can be done in much 
the same way as coppe! 


hough it lends itself particularly well 


brazing, 


nauct neating The material ts 
available in a range of alloys with 
melting point temperatures of 300 to 
1900 F, allowing the manufacturer to 
silver braze over a piece that has been 
copper brazed in a previous opera- 
tion, without softening the copper 
bond. Due to the greater stiffness of 
the silver alloy at brazing tempera- 
tures, the metal makes a more satis- 
factory joint than copper in cases 
where the seam is relatively open. 


Typical Applications 


A good illustration of the simplifi- 
cation of processing possible when 
brazing is incorporated into a design, 
is the case of a tee for a gas line. A 
presure-tight unit is required with 
two threaded portions in line with 
the body of the tee, and a threaded 
nipple at right angles to it. By making 
the body, with the two threaded por- 
tions, and the right angle threaded 
nipple separately on a screw machine, 
then brazing the two pieces together, 
a high production rate can be achieved 
with standard tooling. 

Another example is a tractor pit- 
man arm, produced as a pair of 
stampings, then brazed together. The 
stampings are made of SAE 1020 
steel. However, a bearing at one end 
of the arm requires a hardness of 42 
Rockwell C which is unobtainable 
with the 1020 steel. A small bushing 
of SAE 1035 steel which can be 
brought to the desired hardness 1s 
made, then brazed to the end of the 
arm. The entire assembly is joined 
with six simultaneously copper-brazed 
joints. 

Even pieces of simple form can 
sometimes be adapted to copper braz- 
ing with a substanial saving in cost. 
A knurled head screw could have 
been made by machining down a 
piece of bar stock and threading the 
barrel thus formed. It is more eco- 
nomical, however, to knurl a piece of 
bar stock for the head, drill to form 
the barrel, and cut off to length. A 
piece of smaller diameter is then 
threaded for the barrel, fitted into the 
drilled hole in the knurled head, and 
the two are copper brazed together. 
Both pieces thus became simple screw 
machine jobs with a minimum of 
metal removed. 




















ANODE 
OR PLATE 

















HEATER h 










SHIELD 





SUPPRESSOR 
GRID 
‘. 











lf 








i SCREEN 
| GRID 

















| CONTROL 
i GRID 

oe [oe 
CATHODE 

4, wi. 


























Electronic tube is an outstanding example of application of materials to vacuum service. 


High Temperature Materials 
for Vacuum Service 


Special properties required of materials for service in a 
vacuum include low vapor pressure, stability, low gas permea- 


bility and ease of outgassing. 


by HERBERT B. MICHAELSON, 


Metallurgical Laboratories, Sylvania Electric Products Inc. 


@ MATERIALS FOR USE in vacuum 
at high temperatures—whether in 
electron tubes or in vacuum furnaces 
—must have special characteristics 
not ordinarily needed for operation 
in air or other gaseous atmospheres. 
Materials for electron tubes have 
been fairly well standardized in mass 
production by engineering develop- 
ments of the past half-century. The 
field of high vacuum melting and 
heat treating, on the other hand, has 


been confined largely to experimental 
and small-scale processes, and the 
choice of structural materials for 
vacuum furnaces has been a special- 
ized problem. Since improvements 
in vacuum techniques in recent years 
have encouraged wider industrial ap- 
plications in the melting, casting, an- 
nealing, brazing, sintering and puri- 
fication of metals, the problem of 
furnace materials is broadening. The 
requirements unique to vacuum ser- 














vice include the following: 

Low vapor pressure—If eithe 
metallic or non-metallic structural 
parts in a furnace are vol 
operating temperature, part 
vapor is carried away by the 
pumps and the rest gradual 
denses on the surfaces in the 
zones with resultant contamination of 
those surfaces. Conducting metallic 
vapors may also short circuit the elec. 
trical system of a furnace. In elec. 
tron tubes, volatile impurities in ap 
oxide-coated cathode, for example, 
may ultimately condense on grids o; 
insulation causing undesirable surface 
contamination. 

Stability in Vacuum—Contact te- 
actions sometimes proceed much fas. 
ter in high vacuum than in air or 
protective atmospheres. One example 
is the reduction of oxide refractories 
by graphite at elevated temperatures. 
Another is the reaction between two 
different furnace refractories to form 
a low-melting compound. In addi- 
tion, furnace refractories tend to de- 
compose more readily in high 
vacuum because of their dissociation 
pressures. In vacuum tubes, the de- 
composition of thin oxide films on 
grids and anodes can ‘“‘poison” an 
oxide-coated cathode with oxygen or 
metallic vapors. 

Ease of outgassing—In electron 
tubes, rapid outgassing of parts is 
obviously desirable. In vacuum fur- 
maces, excessive gas evolution from 
crucibles, insulating tubes, or other 
components could contaminate the 
metal being melted or heat treated 
and would also increase the required 
pumping capacity. This is especially 
true in the high vacuum region below 
one micron pressure (10-°mm_ of 
mercury). 

Low gas permeability—The walls 
of any kind of vacuum chamber are 
usually of dense material, free from 
porosity and resultant leakage. For 
this reason, rolled steel sheet is pre- 
ferred to castings or, in experimental 
furnaces, fused quartz or pyrex glass 
instead of porous ceramics. An im- 
portant limitation of non-porous cer- 
amic furnace tubes is their tendency 
to develop higher gas permeabilities 
at very high temperatures. 

Gettering properties—Certain met- 
als such as zirconium, barium, and 
tantalum are used in vacuum tubes 
to absorb or combine with residual 
gases. 


Vacuum Tube Materials 


In the electron tube industry, vari- 
ous materials are used at operating 
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ratures of 400 to 4100 F in 
ms of the order of 10-° mm of 

Anodes for low-power re- 
| tubes are usually made of 
high-purity nickel, carbonized nickel, 
aluminized steel, or Carbostrip (a 
C; ized nickel - plated _ steel). 
Nickel is easily fabricated but is rela- 
expensive. Although - steel 
anodes are more economical, they are 
more difficult to outgas and require 
careful control of processing. Alumi- 
nized steel, because of ease of fabri- 
cation, has found increasing use in 
recent years as an alternative for the 
more costly nickel. In high power 
receiving and transmitting tubes, 
where the anode may operate at tem- 
peratures as high as 1830 F, mate- 
rials of very low vapor pressure and 
high melting point are used, includ- 
ing graphite, molybdenum, and tan- 
talum. Graphite is a good heat radia- 
tor but needs extensive outgassing. 
Tantalum has a high melting point 
and acts as a getter, but requires very 
careful processing and special exhaust 
technique. Molybdenum finds wide 
use, but is comparatively difficult to 
weld and fabricate. 

Although grids may operate in the 
range 200 to 750 F, they must be 
able to withstand temperatures as 
high as 1830 F for short periods on 
high frequency induction heating 
during tube processing and exhaust. 
On low-power tubes, the No. 1 grid 
is frequently an alloy of nickel and 
manganese because this is a poor 
emitter of primary and secondary 
electrons. The No. 2 and No. 3 grids 
can be molybdenum or one of its less 
expensive alloys such as molybde- 
num-iron or nickel-molybdenum-iron. 
Other common grid materials include 
nickel and nickel-chromium-iron. 

High-power tubes usually employ 
molybdenum which may be clad with 
zirconium, platinum, gold or silver. 
These cladding materials are gener- 
ally considered to decrease electron 
emission from the grid and to pre- 
vent the formation of molybdenum 
oxides that sometimes form on un- 
clad grid laterals during sealing 
operations. These oxides may decom- 
pose and “poison” the cathode. 
Other grid lateral materials are tan- 
talum, tungsten, tungsten-molybde- 
num, and platinum. The grid sup- 
porting sdeitds may be of nickel, 
steel or Pliron (nickel-plated iron or 
steel). Siderods for No. 1 grids can 
be made of a copper alloy of good 
heat conductivity to reduce grid tem- 
perature and grid emission. In trans- 
m:tting tubes, molybdenum siderods 
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are used, especially when the grid 
lateral wires are molybdenum. 

Among the materials commonly 
used for vacuum-tight sealing to glass 
in electron tubes are Kovar and Fer- 
nico for hard glasses and Sylvania 
No. 4 alloy for soft glasses. In 
power tubes and x-ray tubes, a nickel- 
clad copper lead-in material known 
as Kulgrid is commonly employed 
and is available either in stranded or 
single wires. Kulgrid welds to itself, 
nickel or copper, and can be welded 
to tungsten or molybdenum. 

Electron emitters in vacuum tubes 
operate in a wide range of tempera- 
tures. Large transmitting tubes may 
utilize pure tungsten filaments oper- 
ating as high as 4100 F. Higher 
electron emission efficiency could be 
obtained above this temperature but 
the evaporation rate becomes exces- 
sive. Thoriated tungsten, a more 
efficient emitter, operates at 2725 to 
3275 F, but is ordinarily used only if 
the maximum plate dissipation is 
below 1000 watts or the maximum 
plate voltage is less than 4000 volts. 
In lower power tubes, filaments or 
indirectly heated cathodes run at 
1300 to 1650 F and are usually 
coated with a mixture of barium, 
strontium and calcium oxides. The 
base metal for filaments can be pure 
nickel or nickel alloyed with alumi- 
num, cobalt, silicon, or titanium. 
Tungsten has also been) used. Cath- 
ode sleeves are usually made of “A” 
nickel. In indirectly heated cathodes, 
the heater wire is usually of tungsten 
and operates in the range 1825 to 
2375 F. The heater insulation coat- 
ing is generally alumina, although 
magnesia and beryllia have found oc- 
casional use. 

Getters are used in vacuum tubes 
to shorten the exhaust period during 
tube processing, at about 750 F, and 
to maintain high vacuum throughout 
tube life. Flash getters are used in 
the form of pellets, strips or wires, 
and are usually evaporated by induc- 


tion heating during tube exhaust. 
Before and during condensation on 
the tube walls, the getter vapor ad- 
sorbs or combines with gaseous resi- 
dues. Later, at a typical operating 
temperature of 300 to 400 F, the get- 
ter mirror formed on the tube walls 
traps gases liberated by various parts 
during tube life. At this temperature 
the getter should have a vapor pres- 
sure no higher than 10-7 mm of mer- 
cury. “Flash” getters usually have 
barium or a barium alloy as the active 
ingredient and are heated to the 
evaporation temperature by high fre- 
quency induction or by electron bom- 
bardment. Bulk getters are sheets or 
wires of zirconium, titanium, tanta- 
lum or columbium mounted on a hot 
electrode of the tube. This type of 
getter is maintained at 900 to 2200 
F, during tube operation, depending 
on its optimum gas-absorption tem- 
perature. Non-volatile powders of 
zirconium, thorium, thorium alloys, 
or tantalum can be sintered to anodes 
for continuous operation as coating 
getters in the range 400 to 2200 F. 
Operating characteristics of various 
getters are shown in a table. 


Furnace Materials 


Induction, resistance, arc, and gas- 

















Reactive metals such as titanium or zir- 


conium can be annealed in vacuum furnaces 
of this type. 


Properties of Bulk & Coating Getters 











| Outgassing Operating 
Material Form of Getter Temp, F Temp, F 
Zirconium Sheet, wire, or powder | 1300-2350 | 1500 
Tantalum Sheet, powder 2900-3600 | 1300-2200 
Thorium Powder | on metal base, 1500-1800 | 750-925 
| on graphite base, 2700-2900 | 
Thorium- | | 
Mischmetal Powder 1475-2200 400-900 
Columbium Pellets | 3000 | 900 
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Properties of Non-Metallic Materials 
(All properties depend on impurities and fabrication method) 































































Max Vapor Pressure | 
Operating Thermal Thermal | Hardness Elect 
Material Melting Temp in Coef of Cond Shock Mohs’ Resistivity | Load Bearing 
Point, F High Ther Exp Btu/Hr/Sq | Resistance Scale mm of Temp | at 2200 F, at 2200 F 
Vacuum, F Per °F Ft/Ft/°F Hg r ohm-cm 
Alumina, fused 3722 327 4.5x 10° 4-0.5 Excelle 35 3720 104 G i 
68—2300F 
Beryllia, fused 4568 3630 5.1-5.2 x 10° l .1-2.] Excellent 1.8x10° 3775 lol Gor 
68-2550F 
Graphite 4530 4.3x10° 4.4-14.4| Excellent | 0.5-1.0 1o-6 3630 |7.9x 10% Exce 
77-104F 
Magnesia $072 2910 7.9-8.3x10°§| 0.4-0.8 Poor High >3630 | § x 101! Fused, good: 
68-—3100F sintered, poor 
Mullite 3250-3335 | 2730-3090 | 2.5-2.9x 10°*| 0.2-0.3 Good Excelle 
68-2600F 
Sillimanite 2950" 2550-2730 Good 6-7 Good 
Silica, fused 3110 2010° 0.3 x 10°% 0.2-0.35) Excellent 5-7 9.9x106 1830 5 x 105 Fair 
68-2280F 
Thoria, fused 5486 4900 5.2-5.3 x 10°76 | Very low Poor 3x10? 4710 1010 
68-—2550F 
Zircon 4622 3090¢ 2.0-3.7x10°*| 0.2-0.3 Good 104 Good 
68-1475F 
Zirconia, Stabilized | 4600-4700 3990 2.8-6.0 x 10°46 0.36 Fair to 8.5 Good 
68-2275F good 
Silicon Carbide > 4900 3990° 2.5-2.6x 10%; 1.1-2.4 Good 9-10 2.5 Excellent 
32-3090F 
Lava, fired 2190-2280 | 5.8-6.4 x 10°% 104 Good 
77-2900F 
NOTES: *® Decomposes. ” Devitrifies. ° Dissociates. 
TEMPERATURE , °F 
1500 2000 2500 3000 3500 4000 
: : 7 ‘ , fired furnaces are used for vacuum 
melting and various kinds of heat 
| MELTING POINT | : | <0 ll 
-2 treating. Induction or resistance heat- 
eat ing can be used either inside or out- 
side the vacuum chamber, arc heating 
inside, and gas firing outside. 
g The induction furnace is used fos 
2 melting high-melting-point metals, 
oie for annealing, sintering, degassing, 
Eio + and brazing. Materials for fabrica- 
rs tion into melting crucibles are select- 
3 ed with particular regard for reaction 
4 be with the metal to be melted. Cruci- 
~ bles for small melts are usually made 
ir ; . : 
9S of alumina, magnesia, beryllia, sil- 
Jig limanite, quartz, thoria, zircon, stabil- 
ized zirconia, or graphite. - Ceramic 
= liners such as sintered magnesite, 
= electrically fused magnesia or sintered 
$ corundum are sometimes used inside 
<= gtaphite crucibles to prevent carbon 
-8 pickup by the melt. Plastic refractory 
ill ¥ clays have also been employed. 
1 1 va a ee ee ree aott Commercially available induction 
600 800 1000 1200 1400 1600 1800 2000 2200 2400 furnaces can process molten metals 
TEMPERATURE , °C at temperatures up to about 3200 ;, 
Vapor pressures of metals used in vacuum service. the upper limit of the refractories 
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Properties of Metals and Alloys 




















Creep Strength 
Coef of Thermal Out- Vaporization Rate (stress for 1% creep 
Materials Melting Ther Exp Cond, Brinell gassing at 7.6 mm Hg in 10,000 hr) 
Point, F per °F Btu/Hr/Sq Hardness Temp, F 
Ft/Ft/°F 
Temp, F g/cm*/sec Psi Temp, F 
| Oxygen-free copper 198] 3 1o-* 224 4 25-1475 735 43 x I 
Hastelloy C 2320-2380 | 6.3 x 10°% 7.2 195°, 185° 1650 
ron, ingot 2795 6.8 x 10°46 39 90°, 67 1800 2000 1.29 x 10°? 
iconel (wrought) 2540-2600 | 6.4 x 10°6 7 150>, 180¢, 260° 1650 22,000 900 
600 L800 
Inconel X 2540-2600 7.6 x 10°6 8.5 20 1650 60,000 1200 
18,000 1500 
Nickel 2650 7.4.x 106 48 100—200' 1400-1740 2115 1.18 x 107? 10,000 750 
Nichrome V 2550 9.8 x 10-6 7.8 85-90! 1700-3200 3508 2000 
Molybdenum 4757 2.8 x 10-6 84 200-2308 3490 1.29x 107% 970h 1635 
900h 1760 
Stainless steel (310) | 2540-2650 8.0x 10-6 7.8 165° 4,500 1500 
1,000 2000 
Stainless steel (316) 2500-2540 | 8.9 x 10°76 9.4 165, 275° 24,000 1000 
2,000 1500 
Stainless steel (347) 2540-2600 9.3x 1076 9.3 160, 300* 19,000 1000 
1 000 1500 
Tantalum 5425 3.6 x 1076 31 §5°, 125 3300-3600 4365 1.55 x 107 
Tungsten 6152 2.2 x 10°6 92 350! 3300-4200 4630 1.47x 107 
NOTES; 
* Cold-rolled. ! 1000 hr. 
b Annealed. & Forged 
© Cast. b 100 hr. 
4 Rolled. i Swaged. 
© Hot-rolled. 
used. Some furnace assemblies with however, have been used successfully gassing, sintering and annealing. In 
ampblack insulation, however, have in graphite molds to produce sound small furnaces where a self-support- 
been reported to operate up to 4500 castings. When an induction furnace ing tungsten or molybdenum heater 


I. Ceramic furnace tubes for induc- 
tion furnaces should have a_ high 
melting point, must be vacuum tight 
in the range of about one micron of 
lercury at operating temperature, 
and should have a low vapor pres- 
sure and low dissociation pressure; 
in addition, furnace tubes should 
have stable crystal structure in the 
range of operating temperatures. 
Fused quartz, mullite, alundum, zir- 
con and sillimanite are used as vacu- 
um-tight furnace tubes. For service 
above about 2500 F, pure alumina, 
magnesia or stabilized zirconia, free 
‘rom the lower melting ingredients 
of glass-bonded refractories, can be 
used in small furnaces. Even pure 
oxide refractories, however, do not 
ilways remain vacuum-tight above 
2500. F. 

In the type of induction furnaces 
employed for vacuum melting and 
asting, watercooled copper molds 
ire frequently used. Sand molds and 
ther ceramic molds often require 
xtended outgassing. Ceramic liners, 
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is housed in a metal tank, eddy cur- 
rents and hysteresis in the tank wall 
are power losses. These can be re- 
duced by selecting a non-magnetic 
metal such as austenitic stainless steels 
for the tank shells. 

Externally-heated resistance fur- 
maces are used up to about 2500 
F for vacuum melting, casting, de- 


is used inside the vacuum enclosure, 
extremely high temperatures can be 
obtained. When the heating element 
is in contact with ceramic supports, 
the upper range of furnace operation 
is generally limited to 2700 F. Glo- 
bars are also commonly used heating 
elements. 

The smaller types of electric fur- 
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Dissociation pressures of various oxides used in vacuum service. 

















Materials for Use below 2200 F 





Material 


Aluminized Steel 


Oxygen-free Copper 
























Columbium 


Inconel 


Inconel X 


Nickel-chromium 


Nickel 


Quartz 


Vycor 


Stainless Steels 


Mild Steel 


Thorium 


Zirconium 


| 





General Characteristics 


Low carbon steel coated with alloy of 8% silicon- 
aluminum blackened to 85% black body radiation 
by heating in hydrogen or vacuum above 1100 F. 


High electrical and thermal conductivity. Because 
of low melting point and high vapor pressure, 
copper anodes require forced-air or water cooling. 


Getter properties similar to tantalum but extend to 
lower temperatures. 


Good high strength, corrosion resistant, freedom 
from intergranular deterioration at high temp. 


Age-hardenable, high creep strength 1200-1475 F 
Oxidation resistance less than Inconel above 1475 F. 


60% nickel—16% chromium—balance iron useful 
to 1700 F; 80% nickel—20% chromium to 2000 F 


Low vapor pressure, easily outgassed, good corro- 
sion resistance. To increase radiation coefficient, 
nickel can be carbonized. 


Non-porous, low coefficient of thermal expansion, 
good resistance to thermal shock, high electrical 
resistivity. Reduced by carbon at high temperatures. 
Devitrification starts at about 1925 F. 


Similar to quartz. 


Austenitic stainless non-magnetic, not appreciably 


affected by induction heating, low thermal conduc- 
tivity and gas permeability. 


Carbon or low alloy steels. 


Pure powdered thorium or 80% thorium—20% 
misch metal absorb gases effectively. 


Forms stable solid solutions with gases such as 


O:2, Nz, CO, CO:. Parts mounted so portion at 750 F 
takes up hydrogen while hotter portions absorb other 





—— 
Applications 

Alternate for carbonized nickel in low power « 

tron tube anodes 

Housekeeper featheredge seals in transmitting tul 

x-ray tubes, magnetrons and klystons. Wat 


cooled casting molds in vacuum furnaces. 


For gettering in electron tubes; oxide-free colu 


| bium pellets supported by molybdenum wire. 





For service to 2000 F. 
Used for springs up to 1000 F. 


Heating elements: the 80-20 alloy also used a: 


furnace tube for operation to 1800 F. 


Major materials in vacuum tube industry, fo 
anodes, oxide-coated cathode sleeves and filaments, 
structural parts. Radiation shield in furnaces. 


In vacuum furnaces as tubes, muffles, crucibles and 
investment molds. In some vacuum tubes as electri 
cal insulation. 


Vacuum furnace tubes and crucibles. 


Used for shells of induction furnaces, radiation 
shields, baffles, ingot molds. 


Retorts in vacuum furnaces for service below 1475 
F. radiation shields and baffles. 


Gettering in range 400 to 900 F. 


Used in vacuum tubes as cathode or grid supports. 
Anodes of transmitting tubes may be coated with 
zirconium powder. 





gases. 














naces frequently consist of a ceramic 
tube externally wound with resistance 
wire. They are sealed at one end 
and connected to the vacuum pumps 
at the other. When the size of the 
operation is too great for tubes, the 
muffle furnace is preferable, with re- 
sistance wire or ribbon either exter- 
nally or internally wound on the 
mufile. Muffle materials generally 
used include alundum, zircon, and 
bonded silicon carbide. Among re- 
sistor materials used are tungsten, 
molybdenum, Nichrome, Chromel 
and Kanthal. Heating elements may 
be covered with alundum cement to 
hold them in place and to protect 
them from contamination by other 
furnace materials or vapors. For heat 
insulation between heater core and 
the outer furnace shell, low thermal 
conductivity grain, usually alumina, 
magnesia or Sil-O-Cel, is used. Light- 
weight insulating firebrick and zircon 
brick are also satisfactory for thermal 
insulation and may be outgassed. 


The outer furnace shell is generally 
stainless steel, iron or brass. 

Vacuum arc furnaces are used for 
melting materials like titanium and 
zirconium, which react readily with 
most crucible materials, or molybde- 
num, which has an extremely high 
melting point. An arc is struck be- 
tween the ingot to be melted and a 
permanent electrode of tungsten, 
molybdenum or graphite. An alter- 
nate method employs a consumable 
electrode, usually a powder metal or 
sponge compact, and has several ad- 
vantages, including accurate control 
of melt-off rate and of alloying tech- 
niques. The molten metal is frequent- 
ly collected in a water-cooled copper 
mold, where it solidifies and contracts 
so that it does not adhere to the 
mold. One-ton ingots of molybdenum 
are produced commercially by arc- 
casting in vacuum or in low-pressure 
gas atmospheres. Zirconium, tanta- 
lum and titanium are also vacuum 
arc-melted in practice. 






For comparatively low-temperature 
operations such as vacuum thermal 
reduction of metallic compounds, gas- 
fired retorts have been used. These 
were thick, evacuated alloy steel tubes 
heated externally. 
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Materials for Use above 2200 F 











Material 


ymina 


ryllia 


Graphite and 
Carbon 


Magnesia 


Molybdenum 


Mullite 


Nitrides 


' Silicon Carbide 


Sillimanite 


Sulfides 


Tantalum 


Thoria 


Tungsten 


Zircon 


Zirconia 








about 3100- F. 








General Characteristics 


can be used to about 
The refractoriness is reduced by addition 
binders 


Pure, fused aluminum oxide 
3400 F. 
of clay 


Excellent hot strength, thermal shock resistance 
high thermal conductivity: appears to be more inert 
toward carbon than other oxides. Reacts with 
aluminum, magnesium, and silicon to form less 


refractory oxides. Upper operating limit in vacuum 
is about 3700 F. Beryllia powder is toxic. 





Low vapor pressure, high radiation coefficient, high 
heat conductivity. Limitation is affinity of oxygen 
and tendency to reduce oxides of the commercial 
refractories above about 2375 F. Can be degassed 
at 3100 F. in high vacuum. 


Pure magnesia has high thermal expansion and is 
sensitive to thermal shock. Although sintered mag- 
nesia has been used under high load conditions, 
ordinary magnesite refractories generally used 
under light loads. High thermal conductivity offset 
by zirconia backing at temperatures to 3450 F. 


Widely used at high temperatures in vacuum be- 
cause of high melting point and strength. Oxides 
volatile at comparatively low temperatures but re- 
form in vacua up to 1800 F. Starts reacting with 
alumina at about 3300 F; with beryllia, zirconia 
and thoria at higher temperatures. 


3A1:20;.28:0.. Higher soften- 
and less permeable to gases 
Thermal decomposition at 


Consists essentially of 
ing point than quartz 
at high temperatures. 


Not available commercially, offer good possibilities 
for melting metals without contamination; are elec- 
trical conductors, can be induction heated. 

High thermal conductivity, resistant to thermal 
shock. 


Typically 2 parts alumina to 1 part silica, decom- 
pose at about 2900 F. Service temperature in 
vacuum limited to about 2500 F. Clay-bonded 


sillimanites have lower safe operating temperatures. 


Although sulfides generally oxidize in air, they are 
applicable in vacuum. Several have low vapor 
pressures and high melting points. 


High melting point, low vapor pressure, and good 
hot strength. Strong affinity for oxygen, nitrogen, 
carbon monoxide, carbon dioxide, which cause 
embrittlement. Absorbs hydrogen below 1100 F. 
Highest melting point of any pure oxide; low 
vapor pressure; highly sensitive to thermal shock. 
Reacts with beryllia around 3700 F., and with 
magnesia at 4000 F.; no reaction with tungsten, 
molybdenum or zirconia up to 4200 F. 


Most refractory of the metals but subject to em- 
brittlement through grain growth at elevated temp- 
eratures. Heaters are caretully heat treated to de- 
velop stable crystal structure. 


Zirconium silicate has a lower thermal expansion 
coefficient and higher resistivity than most other 
refractories. It has good heat shock resistance. 


Excellent thermal insulator. Pure zirconia changes 
in crystal structure at about 2000 F with consider- 
able volume change. Zirconia ware is generally 
stabilized by addition of other oxides. Zirconia 
reacts with basic oxides to form other compounds. 











Applications 


Furnace linings, crucibles, tubes, muffles. Can be 
used with nichrome, platinum, molybdenum and 
tungsten elements. Crucibles used in vacuum melt- 
ing of ferrous and non-ferrous alloys, copper, man 
ganese, boron, germanium and other metals. 


Can be 
tact 
nickel, 
denum 
3400 to 


ised as supports, liners and shields in con 
with graphite. Used as crucibles for melting 
platinum, beryllium. Reacts with molyb 
and tungsten starting at temperatures of 
3600 F 


Used as resistors; clay-bonded graphite crucibles to 
temperatures of 2200 F. Electrode graphite crucibles 
above that temperature. Zirconium, titanium, silver, 
thorium, others melted in graphite. Graphite molds 
in vacuum furnaces, heavy-walled anodes in electron 
tubes, x-ray targets. 


Sintered magnesia linings have been used in com- 
mercial vacuum furnaces at 3450 F. Magnesia cru- 
cibles suitable for vacuum melting ferrous and 
nonferrous alloys, nickel, chromium, copper, plati- 
num, gold, manganese, and other metals. 


Used as supporting heating elements, structures, 
radiation shields, protective sleeves in vacuum fur- 
naces; anodes and grids in vacuum tubes. 


Used for tubes in high vacuum furnaces up to 
about 2300 F. 


Boron nitrate can be used as barrier between 


graphite crucible and oxide refractory. 


Bonded silicon carbide used for crucibles and 
muffles. Heating elements to about 2550 F. 
Furnace tubes in high vacuum furnaces, insulating 


brick. 


Refractories for high vacuum service. Cerium sul- 
fide crucibles for melting metals. 


Used as getter and for transmitting tube parts. 
Tantalum powder can be sintered on molybdenum 
or tungsten anodes. 


Crucibles suitable for iron, zirconium, 


thorium, osmium, etc. 


melting 


Used as heating elements. An alloy of 50% tung- 
sten-50% molybdenum is used in indirectly heated 
cathodes of electron tubes. 


Crucibles used for melting various non-ferrous 
metals and stainless steel, aluminum, nickel alloys, 
titanium alloys, copper and other metals. Tubing 
has been used successfully in high vacuum furnaces 
to 2100 F. Muffles, bricks and cements also used. 


Crucibles used for vacuum melting of non-ferrous 
metals; usable in contact with molybdenum or 
tungsten at temperatures to 3600 F. 




























Selecting Ceramic Coatings 


Five general types of coatings now available. . . . Work continues jo 


A Ceramic Coating... 


Must Meet These Requirements: 


1. It must adhere well to the base metal. 

2. It must be thin. Thin coatings improve adherence and 
minimize cracking, chipping and thermal shock damage. 
They also reduce weight, improve ability to withstand cen- 
trifugal forces, and improve resistance to tearing of the 
the “‘bisque” (the dry but unburned coating) on firing. 

3. It must have physical stability. Resistance to mechani- 
cal impact and high frequency vibration are particularly 
important. 

4. It must have chemical stability. Primarily it must be 
inert to normally corrosive gases and have a low rate of 
solvent action on the base metal. 

5. It must have high thermal shock resistance. 

6. It must be impervious to gases. 

7. It must have a thermal expansion coefficient fairly close 
to that of the base metal. When the coating thickness ex- 
ceeds 2 to 3 mils matching of base metal and coating 
thermal expansion coefficients becomes critical and the co- 
efficients should match almost perfectly. 

8. It must be free of “reboil’’—gas bubbles usually oc- 
curring at or near 1000 F when coated mild steel is re- 
heated after the original firing operation. 


To Perform These Functions: 


1. Protect the base metal from corrosion by or absorption 
of gases. Ceramic coatings give protection against reducing 
or oxidizing atmospheres, sulfur dioxide or trioxide, carbon, 
sulfur and, to some extent, chlorine. 

2. Protect the base metal from erosion by high-velocity 
gases. 

3. Reduce warping, buckling or cracking failures in sheet 
metal by decreasing hot spots. 

4. Serve as a heat barrier. This can be done with refrac- 
tory insulating materials or, in thin vitreous coatings, by 
including low-emissivity ingredients which can be effective 
when the hot gases are quite luminous. 

5. Increase strength and stiffness by lowering effective 
operating temperature. 

6. Allow use of thinner gage metal without forfeiting life. 

7. Increase flexural rigidity by increasing thickness of 
part. Some other process, such as metallizing, might be more 
satisfactory where this is the primary consideration. 

8. Allow special characteristics to be incorporated in 
surface, such as special textures, smoothness, various elec- 
trical properties, mechanical prestressing, abrasion resis- 
tance and anti-galling characteristics. 

9. Increase fatigue strength by elimination of surface 
stress raisers. Also reduce corrosion fatigue, dampen vibra- 
tions. 








@ CERAMIC COATINGS, essential] 
fractory versions of the conventiona 
glassy porcelain enamels, are g 
ally considered for one of three | 
poses: | 

1. To allow substitution of less 
strategic alloys without sacrificing 
service life. 

2. To lengthen the service life of 
existing parts. 

3. To allow use of existing parts 
at higher operating temperatures. 
Each of these objectives has a par- 
ticular significance at the present 
stage of jet engine development. As 
a result there is increasing interest in 
the use of ceramic coatings for jet 
engine parts. 

Ceramic coatings were applied to 
automobile mufflers before World 
War II. During the war, ceramic 
coatings were used on turbo-super- 
chargers. Now they have only limited 
application on jet engine parts, but 
many manufacturers of jets, guided 
missiles and conventional aircraft, 
here and abroad, have ceramic-coated 
jet parts under development and test. 
Present development work on ceramic 
coatings has three main objectives: 


1. Development of more refractory 
compositions and of insulating coat 
ings. 

2. Modification of compositions to 
fit the growing list of metals and en- 
vironments contemplated by design 
engineers. 

3. Determination of physical and 
engineering data on coated specimens 
and parts for the use of design en- 
gineers. 


In general, a ceramic-coated part is 
more effective if it is considered as a 
special compounded material of defi- 
nite and distinct properties rather 
than merely as “‘painted’’ metal. 


Types of Coatings 


Ceramic coatings of possible use in 
aviation gas turbine applications can 
be classified as follows: 


1. Ordinary refractory coatings 
similar to those used on automobile 
mufflers. These are essentially porce- 
lain enamel formulations with refrac- 
tory additions and are applied in con- 
ventional enamel thicknesses (3 t 
8 mils). 


MATERIALS & METHODS 
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Extremely thin (1/2-2!/) mils) 
the above composition 
An example is Bureau of Standards 
Type A-418. 

Highly refractory metal-bonded 
oxide, carbide or nitride coatings, 
generally known as “‘cermets.”’ An ex- 

ple is Ohio State’s magnesium ox- 
‘de. 65% nickel flame- sprayed coat- 


ngs ol 


ing 
{. Refractory insulating coatings 
attached to the base metal by cement- 
ing or by mechanical techniques. 
“Ceramic paints” which can be 
brushed on and require no firing prior 
to use. 


, for Mild Steels—Coat- 

gs for mild steels are generally vari- 
ations of the Bureau of Standards 
A-19 coating which has a high alumi- 
num oxide content (composition 
given in accompanying table). A-19 
has a higher thermal expansion co- 
efhcient than conventional coatings 
and therefore more closely matches 
the expansion of the base metal- in 
heating. However, it also has a higher 
softening temperature which means 
it may be under greater stress after 
cooling to room temperature due to 
the higher temperature at which it 
became rigid. A-19, a dark grey 
matte coating, is satisfactory for tem- 
peratures approaching 1200 F and has 
good thermal shock resistance. Im- 
proved resistance at temperatures up 
to 1250 F can be obtained from 
A-19H which has a still higher alum- 
inum oxide content. The A-19 coat- 
ing matures at 1580 F and A-19H 
matures at 1620 F. 

Commonly used mild steels are 
1010 and Ti-namel. For better hot 
strength, low alloy steels such as 
4130, N-A-X, 17-22-V and Chrom- 
alloy are used as the base metal. If 
more than a single coating is to be ap- 
plied to mild steel, it is important 
that the carbon content not exceed 
0.15%. 

Coatings for Stainless Steels— An- 
other Bureau of Standards coating, 
A-418, is widely used on stainless 
steel. (See table for composition.) 
Its texture ranges from semi-matte to 
semi-gloss, depending on how it is 

applied. The Solaramic 5210-2C 

oating is glossier. Both will protect 
stainless Type 321 from corrosion at 
700 F for at least 200 hr (in labora- 
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develop new and modify old compositions to meet new demands. 


tory testing) and will withstand 10 
cycles of heating to 1600 F and 
quenching in water. Maximum us- 


able temperature for these coatings is 
1800-1900 F. 

Ceramic-coated stainless has been 
used to replace uncoated high alloys 
where straight corrosion protection of 
hot parts is needed. In some cases, 
Significant savings in critical alloying 
elements can be made. However, ex- 
perience on the J-47 engine liners has 
been mixed, with both uncoated In- 
conel and coated 321 stainless prov- 
ing superior in different models and 
under different conditions. Other 
base metals successfully coated in- 
clude Types 310, 347 and 430, and 
19-9D LL. 

Cox atings for Nonferrous Metals- 
In certain limited applications whete 
the temperature exceeds 2000 F, L- 
605 (cobalt - chromium - tungsten - 
nickel) burns out. Several vitreous 
coatings have increased the engine 
operating time of this metal. Ceramic 
coated Hastelloy B withstands labora- 
tory testing at 1800 F. On the other 
hand, A-418 has been applied to 
welded Inconel W é 6 stress-rupture 
specimens without appreciable advan- 
tage. Other base metals being evalu- 
ated include S-816, Vitallium, A-286, 
N-155, Inconel and Hastelloy X. 

Insulating Coatings—A good ex- 
ample of a “mechanically attached in- 
sulating coating is the system orig- 
inated by the General Electric Re- 
search Laboratory. Stainless sheet is 
punched to form projecting tabs (U. 
S. Patent No. 2,564,497) and is then 
covered with a thin vitreous coating 


Two Important Ceramic Coatings 











































designated 


8473-Cl1. This is fol 
a thick mixture of magne- 
sium oxide and 8473-Cl1 which ma- 
tures at 1830 F. Development of this 
type of coating is taking place slowly, 
but progress is being made. 

Since the melting point of mag- 
nesium oxide is 5072 F, the operating 
temperature for this type of coating || 
is limited by 1) the refractoriness of 
the glassy base coat and binder, 2) 
the time-temperature dissolving of 
iron from the base metal at tempera- 
tures above 2500 F (the melting 
point of iron oxide), 3) the thermal 
expansion characteristics at the inter- 
face between coatings, and 4) the 
thermal expansion characteristics at 
the interface between the vitreous 
base coating and the base metal. 

Ceramic Paints — The so-called 
ceramic paints are normally oxides or 
carbides in a soluble silicate vehicle 
and are intended for field applica- 
tions where starting up the engine 
will mature the binder. These coat- 
ings can be used for oxidation and 
corrosion protection or for radiation 
control. One such coating, developed 
by the University of Illinois and des- 
ignated as CP44, was used on air- 
plane exhausts during World War II; 
it cut down the visible radiation from 
red hot exhaust stacks as much as 
90%. This type of coating is of a 
temporary nature, feasible for repair 
work or for special uses where con- 
ditions are not extremely severe. A 
more permanent coating would be ob- 
tained by application of a fired base 
coat before engine assembly, fol- 
lowed by application of a ceramic 


lowed by 
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Composition, % by wt: 

SiO 

BaO 

B.O; 

Cr2Os3 
CoO 
ZnO 

NiO 

K,O 

Al.O3 

CaO 

Na2O 

MnO 
Clay Mill Addition, % by wt. 
Firing Temp, F (approx.) 
Firing Time, Min. (approx.) 








36.3 28.6 

— 33.7 

14.1 | 4.9 | 
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paint after engine assembly. The 
glassy base coat provides more per- 
manent adherence for the insulating 
coating. 


Coating Tests and Failures 


Prior to engine testing, ceramic 
coatings are usually subjected to 
laboratory screening tests. They in- 
clude: thermal shock test from nomi- 
nal operating temperature to water 
for 10 cycles, extended heating at 
about 200 F above operating tem- 
perature for 48 to 72 hr, adherence 
tests involving bending or deforming 
in a die or press, impact tests, stress- 
rupture and fatigue tests, and long 
cyclic gas heating tests. 

Tests run on coating materials be- 
fore application include Button fu- 
sion tests and coefficient of expansion 
correlations by interferometer tech- 
niques or by measurement of expan- 
sion and contraction forces in a 
coated sheet metal ring. Microscopic 
examination is used to determine 
base metal and coating deterioration 
during various phases of laboratory 
testing. Currently, the Wright Air 
Development Center is acting as an 
initiating and liason agent in an ef- 
fort to standardize laboratory screen- 
ing tests throughout the country for 
ceramic coatings with Air Force ap- 
plications. 

Although coatings may not be 
needed on both sides of a part for 
protective reasons, a great deal of 
needless failure due to distortion can 
be eliminated by coating both sides. 
Such distortion is caused by the un- 
balanced stress set up by the differ- 
ence in expansion and contraction 
rates between the coating and the 
base metal. Some designs may resist 
distortion, but the unbalanced stress 
will still exist. 

Coating failure caused by exces- 
sively large compression stresses (as 
where temperature gradients and 
thermal shock are augmented by me- 
chanical buckling stresses) show up 
as bare areas where the coating has 
popped off. Sometimes fine cracks 
allow gases to escape freely from the 
metal; in other cases the constriction 
of these fissures and the fact that the 
temperature exceeds the softening 
point of the glass result in formation 
of blisters. Where failure in tension 
occurs, rows of blisters may occur 
along the line of rupture. In com- 
pression failure the distribution of 
cracks and blisters tends to be more 
random. 

Coating failure may also occur as 
a result of oxidation in the base 





metal under the coating. Usually the 
oxide is absorbed into the coating as 
it is formed until a saturation level 
is reached. Then adherence usually 
deteriorates and the coating flakes 
off. 


Coating Processes 


Ceramic coating processes can logi- 
cally be considered in three parts: 
formulation of the coating, prepara- 
tion of the metal surface, and appli- 
cation and firing of the coating. 

Coating Formulation — Ceramic 
coating formulations are inorganic, 
earthy materials composed mainly of 
quartz, feldspar, clay, chromic oxide, 
aluminum oxide, borox, cryolite, 
fluorspar and calcium-barium-magne- 
sium carbonates. Compounds other 
than oxides are considered in terms 
of their theoretical oxide components 
for the purpose of calculating the 
batch composition. The sequence of 
coating formulation is as follows: 


1. Weigh, mix, smelt, quench, 
dry and store as frit. 

2. Weigh frit with mill additions; 
ball mill, test, store and age. 

3. Adjust specific gravity pick-up 
and set-up characteristics of coating 
slip. 

Metal Pre paration—Preparation of 
sheet metal for ceramic coating is 
subject to several variations depend- 
ing on the type of base metal, the 
characteristics of the coating and its 
purpose. Following are three se- 
quences used on mild steel: 

1. Clean chemically, water rinse, 
pickle, water rinse, neutralize, dry. 

2. Scale, pickle, water rinse, plate 


nickel flash, water rinse, neutralize 
dry. 
3. Anneal, blast. 


A more detailed outline of one 
satisfactory sequence for stainless 
steel is given in the accompa 
table. 

Application and Firing- -The con 
trolled coating slip is applied to the 
prepared metal surface by dipping o1 
spraying. The coating is then dried 
to form a bisque. 

Ordinarily, maturing temperatures 
range from 1000 F for coatings on 
aluminum to 2000 F for coatings on 
Inconel. High temperature i 
on mild steels are usually fired ; 
about 1600 F. Firing is done at the 
minimum temperature that will per. 
mit maturing within a _ practical 
time limit. At unnecessarily high fir- 
ing temperatures metal deformation 
and excessive oxidation occur. Some- 
times neutral or reducing atmos- 
pheres are helpful in firing. On low 
carbon steels the coating must fuse 
and seal off oxygen early in the heat- 
ing cycle before excessive oxidation 
can occur. On alloy steels, however, 
fusion of the base coat must be de- 
layed until enough metal oxide is 
produced to promote good adherence. 
Firing temperatures for alloy steels 
commonly range from 1750 to 1950 
F. 

Higher firing temperatures have 
been used with some materials. A 
glass-like modified barium aluminum 
silicate coating has been fired on 
alloy steel at 2200 F. Firing tem- 
peratures ranging from 2200 to 2800 
F have been used with a chromium- 
frit glass coating in attempts to pro- 
tect molybdenum. 


One Method of Preparing Stainless Steel for Ceramic Coating 





1. Clean 


. Emulsion clean 4-1 min. 
. Hot water rinse (180-212 F). 


. Cold water rinse. 
Hot water rinse (180-212 F). 


enw 


2. Anneal—10 min at 1800 F. Cool. 


3. Pickle 


. Hot water rinse (180-212 F). 


Hot water rinse (180-212 F). 
Cold water rinse (air water gun). 


mM mPAnee 


Hot water rinse (180-212 F). 


5. Blast. 





Immerse in heavy duty alkaline cleaner 5-15 min. 


Dip in 15% hydrochloric acid at 160-180 F for 10-15 min. 


Dip in 10 nitric-2% hydrofluoric acid at 180-200 F for 15-30 min. 
Neutralize in sodium carbonate (4 lb per 100 gal water) at 160-180 F for 5-10 min. 


4. Mask—all areas not to be coated and not to be blasted. 











MATERIALS & METHODS 
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Four Typical Ceramic Coatings 


Note grain growth at the 


metal surface. 





Note 1-2 mil decarburized 
layer under interface. The 
layer, ranging up to 8 mils 
in thickness, is present be- 
fore coating and the coat- 
ing process does nof seem 
to affect it. Of the coatings 
shown here, this one con- 
sistently demonstrated the 
best adherence, based on 
a 90-deg bend test. 





XT-955, FIRED UNDER OXIDIZING CONDITIONS 


Here the decarburized layer 
under the interface mea- 


sures 4-6 mils. 





Com t ting 


5 meats The interface structure here 
is markedly different from 





that in the other coatings. 
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Four different ceramic ccat- Magnified cross-section of the Another magnified cross-section 
ings, magnified, after 48 hr same specimens. The steel is of the same specimens show- 
ot 1400 F. Coating XT-955 17-22-V with about 1% ing the base metal in greater 
may have 1300 F applications. chromium, small additions of detail. 

Costings A-19H and XP-49L molybdenum and vanadium, 


moy have 1100 F applications. and about 0.2% carbon. 
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Materials 
at Work 
















































Here is materials engineering in action .. . 
New materials in their intended uses... 


Older, basic materials in new applications. . . 


VITREOUS ENAMEL ENHANCES 
SHEET ALUMINUM Sheet aluminum 


bowls, vases, ash trays, candle sticks. 
plaques and murals are now being 
coated and decorated with vitreoys 
enamel by Edward Winter of Cleve. 
land. Commissioned by the Alumi- 
num Co. of America and working in 
the laboratory of the Ferro Corp., he 
fuses the low temperature enamels 
to the aluminum base at a 1000 F 
temperature in a period of 5 to 6 
min. A variety of colors and tones 
are possible by mixing and blending 
the metallic oxides used for coloring. 

The sheet aluminum is first formed 
by hammering or spinning, then te. 
ceives a special cleaning and pickel- 
ing in sulfuric acids and other solu- 
tions to cut the dirt and grease on 
the metal. The enamel is then milled 
and applied to the metal while it is 
wet. A special design pattern is then 
worked in the wet enamel, and the 
piece is dried at a 350 F temperature 
for about 30 min before firing at 
1000 F. This is followed by polish 
ing and stoning operations. 

Enameled aluminum is unbreak- 
able. The metal can be twisted and 
bent without chipping or cracking 
the coating since the enamel forms 
a stable, permanent bond with the 
metal. 

As well as the obvious decorative 
applications, the industrial field can 
use enamel coated aluminum for 
stoves, refrigerators, table tops, furni- 
ture, washing machines, store fronts, 
and for many other applications. 
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CORE FOR TURBINE HOOD = This 120,000 Ib rough finished core, a mixture of sand, clay and pitch, is being lifted 
from the pit in which it was molded at G-E’s Turbine Div. at Schenectady. When finished it will form the inside 
contour of a casting which will be the upper hood of a turbine rated at 100,000 kv-amp. The completed hood will 
have enough space to contain a two-room apartment, 


LING STRUCTURAL STEEL TRUSS Designed and fabricated by The Austin Co., a 135 ft truss, the longest to be 


gi rail from Cleveland, has just been transported to Jersey City, N.J. to become a part of the new conveyor 


the Colgate-Palmolive manufacturing plant. Loaded with five other similar H-section trusses of shorte 
required three flatcars. 
[he truss is distinguished by its novel construction and the complete absence of joint plates. Its design is of the all- 
elded H-section type, which reduced the weight and increased the rigidity, all-important factors in shipping and 
ting the complete assembly. 




















Materials at Work. 






























































TINY TANTALUM CAPACITOR DESIGNED AS PARTNER Fp 
TRANSISTOR This ‘“‘micro-miniature” capacitor show: beside 


a match head is 1/8 in. dia, and 5/16 in. long. Designed by 
General Electric Co.'s Capacitor Dept., it is the first in q new 
line of small capacitors being manufactured by G-E for minig. 


turized equipment. It is believed to be the smallest hi; capa. 
city unit designed for low voltage, direct current applications 
[t has a tantalum anode oxidized to the voltage rating ep. 


closed in a silver case, and impregnated with non-acid solution 
A synthetic plug in the end of the case is roll-crimped into 
place and a solderable tin-coated nickel lead is lap-welded 
externally to the projecting tantalum anode lead, permitting 
connection up to the case. The case itself is the cathode, and 
is equipped with a tin-coated copper lead soldered to the case. 

The unit is designed to operate over a temperature range of 
—4 to 120 F and is suitable for storage at —75 F. It is available 
in ratings from 2 to 16 v, 4 to 0.7 microfarads. A larger 1/2-ip 
capacitor with similar characteristics and the same voltage range, 
but with 8 to 1.5 microfarads, is also being manufactured. 


VINYL PLASTIC PROTECTS AIRCRAFT IGNITION HARNESS 


A new type Geon vinyl plastic coated low tension ignition 
harness is shown here being installed on a Wasp Major 28 
cylinder engine used on Boeing Stratocruisers. Seven such 
harnesses are used on these engines to carry low voltage from 
the magnetos to the transformer coils. 

The harnesses, manufactured by Scintilla Magneto Div,, 
Bendix Aviation Corp., consist of an insulated conductor 
wrapped in nickel braid and covered with a nylon fabric which 
has been coated with Geon vinyl latex. Formerly, maintenance 
trouble had occurred when various physical strains and chemical 
reactions caused the covering to chafe through the insulation 
to the conductor. The Geon vinyl latex, a product of B. F. 
Goodrich Chemical Co., now provides an abrasion resistant 
coating which is said to withstand chafing, giving a longer- 
wearing harness. 

In addition to increased abrasion resistance, the vinyl latex 
is said to provide better moisture resistance and withstand the 
effects of mineral spirit solvents which are flushed on the en- 
gine during cleaning operations. 


TWENTY TONS OF IRON PULVERIZES STEEL SCRAP 
The United Engineering & Foundry Co. has found that Ni- 
Hard, International Nickel Co.’s nickel-chromium iron alloy, 
contains the high hardness and abrasion-resistance combined N 
with the relative freedom from brittleness necessary in drop 
balls to do:the primary fragmentation job in a steel scrap 
recovery process. The metal does not tend to split due to in- 
ternal shrinkage and cracks, as does cast steel, and it seems 





to have less resilience than steel. This factor reduces the ¢ 
“bounce’”’ of the ball, allowing a more thorough fragmentation ; 
job. ; 


Six of these balls are now on order by Heckett Engineering, 
Inc., one of the pioneers in developing methods of recovery 
of slag dump scrap. Frequent breakage of the standard drop 
balls previously used raised production costs to such a point 
that the Ni-Hard balls have now been purchased in the belief 
that they will prove definitely economical on the basis of long: 
time service. 
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This is another in a series of 
comprehensive articles on engineering 
materials and their processing. Each 
is complete in itself. These special 
sections provide the reader with use- 
ful data on characteristics of mate- 
rials or fabricated parts and on their 
Processing and applications. 
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Engineering Coppers 


by JOHN L. EVERHART, Associate Editor, Materials & Methods 


The factors underlying the majority of applications of copper 
are high electrical and thermal conductivity, corrosion resistance 
and ease of working and joining. A number of modified 
coppers have been developed commercially to take advantage 
of one or more of these properties. To assist in selecting the 
proper grade for a specific application, this Manual presents 
information on the following points: 


Commercial Grades Forming and Fabricating 
Engineering Properties Joining Practice 
Applications Cleaning and Finishing 














Introduction 


In industrial practice the term 
“copper” is not limited to the com 
mercially-pure metal but can include 
as much as 2% of other elements. 
Thus, the Copper and Brass Research 
Association defines copper as “the 
element copper commercially pure 
or alloyed with not more than 1% 
of other elements . In ASTM 
standard B224, which covers refinery 
shapes and wrought products, the 
definition is “. . . copper containing 
less than 0.5% of alloying elements 
has been included in the term cop- 
per.” In ASTM standard B119, cov- 
ering cast copper base alloys, the 
term ‘copper’ includes “not over 
2% total of arsenic, zinc, cadmium, 
silicon, chromium, silver or other ele- 
ments’. For the purposes of this 
manual, ‘“‘copper’’ will include those 
materials which contain at least 99% 
copper. 

Since the coppers have the highest 
electrical conductivities of all com- 
mercial metals with the exception of 


silver, they are widely employed in 
electrical applications. It should be 
mentioned that the choice of 99% 
is the line of demarkation between 
COpp¢ r | 
excludes certain other materials such 
as beryllium copper and Grade E 
phosphor bronze which also find con- 
siderable application in the electrical 
field. These materials have been cov- 
ered in other Manuals. The corro- 
sion resistance of copper also leads 
to numerous applications. Large ton- 
nages are used for water tubing and 
architectural purposes. Copper can 
be formed readily and is probably the 
easiest metal to soft solder. 


and copper alloys arbitrarily 


Although there are many possible 
combinations which fall within the 
term ‘‘copper’’ as defined, there are 
about 20 distinct types which are 
commercially available. The charac- 
teristics of these coppers are discussed 
in this Manual to assist the engineer 
in selecting the best material for his 
requirements. 


Classification of the Coppers 


The coppers can be subdivided in 


it 


two major groups, 1) those contain 
ing controlled quantities of oxygep 


as Cuprous oxide and 2) those which 
contain no cuprous oxide. The for 
mer are called tough pitch coppers 
a term derived from the melting 
practice. The coppers containing no 
cuprous oxide can also be divided 
into two groups, 1) those which are 
produced by deoxidizing the melt 
with a metal or metalloid and 2) 
those which are produced without 
oxygen by controlled melting or other 
means. The more important coppers 
are designated as follows. 
Electrolytic Tough Pitch Cop per is 
most widely used of the coppers. It 
contains from 0.02 to 0.05% oxygen 
as cuprous oxide, which does not 
materially affect the conductivity or 
strength of the material. However, it 
does reduce ductility somewhat, al- 
though this effect is apparent only if 


Spun copper hemispheres are soldered into double walled spheres for use in the fabrication of bottles to hold liquified gases. 
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Classification of Coppers 





Nominal Composition of Commercial Materials, % 
















































































Type of Copper Designation 
Cu + Ag Oo P Others 
— 1 
Tough Pitch Coppers 
Electrolytic tough pitch ETP 99.9+ | 0.04 
Fire-refined high conductivity tough pitch FRHC 99 .9+ | 0.04 
Arsenical tough pitch ATP 99.4 0.04 Arsenic 0.15 to 0.50 
Silver-bearing tough pitch STP 99.9 0.04 Silver by agreement 
Siiver-bearing arsenical tough pitch SATP 99.4 0.04 Silver by agreement* 
Selenium-bearing tough pitch SETP 99.4 0.04 Selenium 0.6 
Tellurium-bearing tough pitch TETP 99.5 | 0.04 | Tellurium 0.5 
be a <55 Seen Tt 1 RE cc S < al 
Oxygen-Free Coppers! | | | 
Oxygen-free without residual deoxidants OF 99.93 | | 
Oxygen-free, silver bearing OFS 9.9 | | Silver by agreemenc* 
Oxygen-free, tellurium-bearing OFTE | 99.4 | Tellurium 0.6 
 — | —_—_—_—___—__| 
Deoxidized Coppers! | 
Phosphorized, high residual phosphorus DHP 99.9+- 0.015/0.040 
Phosphorized, low residual phosphorus DLP 99.9 0.004/0.012 
Phosphorized, silver-bearing DPS 99.9 0.040 max Silver by agreement* 
Phosphorized, arsenical DPA | 99 .68 0.040 max Arsenic 0.15 to 0.50 
Phosphorized, tellurium-bearing DPTE 99.4 0.007 max Tellurium 0.6 
Other Coppers” 
leaded 99.0 Lead 1.0 
Boron deoxidized 99.98 Boron 0.02 
Cadmium 99.0 Cadmium 1.00 
Chromium 99.05 Chromium 0.85, 0.10 Silicon 
or other element 
Notes: 


1ASTM Standard B224-52. 
3 Not classified in B224-52. 


1 Arsenic 0.012 max; Antimony 0.003 max; selenium +- tellurium 0.025 max; nickel 0.05 max; bismuth 0.003 max; lead 0.004 max. 
‘Common grades 10 to 15 oz/ton silver and 25 to 30 os/ion silver. 


the copper is severely cold worked. 
In joining by brazing or welding, 
cuprous oxide also introduces prob- 
lems because of the possibility of 
embrittlement of the copper if it is 
heated in a reducing atmosphere. 
Oxygen-free C contains no 
residual deoxidant. It is a high con- 
ductivity copper which is somewhat 
more ductile than tough pitch, and 
can be more severely cold worked. 
Phosphorized Copper is the most 
common of the deoxidized coppers. 
The residual phosphorus remaining 
after deoxidation has a detrimental 
affect on electrical conductivity. In a 
grade produced for non-electrical 
purposes conductivity is reduced to 
85%. Another grade is available 
which contains a lower content of 
residual phosphorus and conductivity 
is not so seriously affected. 

These three are the basic coppers. 
All three are modified by addition of 
other elements to achieve special 
Properties for certain applications. 
Among the elements added are ar- 
senic, silver and lead. 

Arsenical copper is obtained in the 
United States from certain mines in 
the Lake region of Michigan. In 
Europe, where the use is more exten- 
sive, it is produced by adding arsenic 
‘0 tough pitch copper. The addition 


opp 
Ppe 
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, strip or shape. 


Pipe—Seamless 
known as “Standard Pipe Sizes.”’ 


Commercial Copper Shapes* 


Bar 


Refinery shape for rolling into plate, sheet, strip, or shape. Rectangular 
in cross section, 


tube conforming to 


width. 


Sheet—A rolled flat product up to and including 0.188 in. in thickness 


and over 20 in. in width. 


the particular 


Commercial shape designations used in the copper industry differ somewhat from 
those used for steel. The following terms define the major items. 


Refinery shape for rolling into rod (and subsequent drawing into 
Square in cross section. 


Billet—Refinery shape primarily for tube manufacture. Circular in cross section. 


Wire—A solid section, other than strip, furnished in coils or on spools, reels, 
or bucks. 


Tube—A hollow product of round or any other cross section, having a continuous 
periphery. 


dimensions 


Shape—A solid section, other than rectangular, square or standard rod and wire 
sections, furnished in straight lengths. Shapes are usually made by extrusion but 
may also be fabricated by drawing. 


Flat Product—A rectangular or square solid section of relatively great length 
in proportion to thickness. 


Plate—A rolled flat product over 0.188 in. in thickness and over 12 in. in 


Strip—aA rolled flat product, other than flat wire, up to and including 20 in. 
in width, originally produced with slit, sheared or sawed edges, whether 


or not such edges are subsequently rolled or drawn. 


edges. 


Rolled Bar—A rectangular or square solid section up to and including 12 
in. in width and over 0.188 in. in thickness, which is brought to final | 
thickness by rolling and is furnished with sheared, sawed or machined 


Rod—A round, hexagonal or octagonal solid section. Round rod for further 
processing into wire (known as “hot-rolled rod,” “wire-rod,”’ or “redraw wire’) 
is furnished coiled. Rod for other uses is furnished in straight lengths. 


commercially 































* From ASTM Designations B224 and B248. 
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Some Applicable ASTM Specifications 


(The original specification should be consulted for details) 











—, 
Designation | Flat Products Rod, Bar and Shapes Wire Pipe and Tube 
ae 
Electrolytic tough pitch (ETP) | Bll, B152 | B12, B49, B124, —*| ‘BI, B2, B3, B47, ‘| B1ss 
| | 133, B187 B48, B116, B272 
Fire-refined high conductivity tough pitch (FRHC) | | B49, B124 Bl, B2, B3, B47, 
B48, B116, B272 
Fire-refined tough pitch (FRTP) B12, B133 
Arsenical, tough pitch (ATP) Bll, B152 B12, B133 
Silver-bearing tough pitch (STP) B152 B124, B133, B187 B188 | 
Silver-bearing arsenical tough pitch (SATP)* | B216 B216 | B216 
| j 
Selenium-bearing tough pitch (SETP)* | B216 | B216 | B216 
Tellurium-bearing tough pitch (TETP)* | B216 B216 | B216 
Oxygen-free without residual deoxidants (OF) B152 B12, B124, B133, B13, B42, B68, B75. 
B187 | Bigs, B1l1 
Oxygen-free, silver bearing (OFS) B152 B124, B133, B187 _ B1ss 
Oxygen-free, tellurium bearing (OPTE)* B170 | B170 | B170 
Phosphorized, high residual phosphorus (DHP) Bll, B152 B12, B124, B133 | B13, B42, B68, B75, 
| Biull 
Phosphorized, low residual phosphorus (DLP) | B12, B124, B187 | B13, B42, B68, B75, 
| | B188, B11, B216 
Phosphorized, silver bearing (DPS) B152 | B124, B133 
| 
Phosphorized, arsenical (DPA) Bll | Bl2 | B13, B75, B251, Bll) 
Phosphorized, tellurium bearing (DPTE)* 











B216 





| B216 


B216 











* Refinery Shapes. 


raises the softening (recrystalliza- 
tion) temperature and contributes 
some improvement in corrosion re- 
sistance toward specific environments. 
Silver-bearing copper is produced by 
adding silver to tough pitch, oxygen- 
free or deoxidized copper. Commer- 
cially, silver-bearing tough pitch is 
most readily available. The original 
silver-bearing copper was the product 
of mines on the Upper Peninsula of 
Michigan and was called Lake Cop- 
per. However, these mines are near 
ing exhaustion and _silver-bearing 
copper (or synthetic Lake) is gen- 
erally produced by adding silver to 
the coppers mentioned. Silver ma- 
terially raises the softening tempera- 
ture of copper without appreciably 
affecting electrical and thermal con- 
ductivity. 

Tough pitch, oxygen-free and de- 
oxidized copper have relatively poor 
machining characteristics in com- 
parison with free-machining brass 
rod. For screw-machine and similar 
operations, all three of these coppers 
can be modified by the addition of 
certain elements which improve the 
machinability. The original free- 
machining copper contained about 
1% lead which was added to deoxi- 
dized copper. However in recent 
years, leaded copper has been largely 
superseded by tellurium and selenium 
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bearing copper, because these two 
coppers give free-machining charac- 


teristics with 


fabricating properties. 


The 


these 


more 
modified 


available 
have 


readily 


coppers 


less adverse effect on 


of 
been 





classified by the ASTM in standar 
designation B-224 and are listed in 
a table. The table also includes se\ 


eral other coppers which have not 
been classified by the ASTM but con 
tain at least 990% copper. 


Copper piping is used widely in industrial applications. 
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Physical Properties 


ly the most important singl 


yroperty Ot oppert is ifs 


prypert ' PI 

onductivity. A standard 
4 r resistivity of annealed cop 
yer was adopted by international 
creement in 1913. Conductivity 


are based on this standard 

vhich has been assigned the value 

International Annealed Cop 

per Standard (1.A.C.S.), and other 

materials are rated in relation to this 

Today, commercial elec 

ytic copper averages 101% IACS. 

Copper which, in the annealed 

ondition, has a minimum conduc. 

tivity of 100% IACS is called high 

conductivity copper. As may be seen 

n the table, electrolytic tough pitch, 

oxygen-free, silver-bearing and boron 

deoxidized coppers fall within this 

lassification. Phosphorized copper 

with low residual phosphorous 

(DLP) would also meet the require 

| These are the materials which 

eive first consideration for elec- 

trical applications. The conductivities 

of the remaining coppers range down 

to a low of 45% for those contain- 

ing arsenic. Chromium copper, a 

precipitation hardening alloy, has an 

even lower conductivity before heat 

treatment but has a conductivity of 
ibout 80% afterward. 
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proportional ce) the electrical conduc 


tivity All of 


ipproximately the same densities and 


thermal 


modulus of elasticity 


lower modulus. 


these 


expansion oemcients 


materials have 


y is practically a 
constant for all of these materials 
excepting leaded copper, which has a 
and cadmium 


Th Opper, 
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temper 
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coppers are closely related and they 
can be considered ¢ 
and tensile strength of annealed copper 
42.000 to 
is above 40% 


a group. The 
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[Thermal conductivity is roughly Communication). 
Typical Physical Properties of Representative Coppers 
Ther Cond, 

Designation Specific Density, Elec Cond, % Btu/Sq Ft/Ft/ Mod of Elast | Coef of Ther Exp 

Gravity Lb/Cu in. LA.C.S. at 68 F | Hr/F ot 68 F (Tension), Psi. | per® F 68=570 F 
Electrolytic tough pitch 8.91 0.322 101.0 226 17,000,000 9.8x 10% 
Phosphorized 8.94 0.323 85.0 196 17,000,000 9.8x 10% 
Oxygen-free 8.94 0.323 102.0 228 17,000,000 9.8x 10% 
Silver-bearing! 8.91 0.322 100.5 223 17,000,000 9.8x 10% 
Silver-bearing? 8.91 0.322 100.0 223 17,000,000 9.8x 10% 
Selenium copper 8.91 0.322 99.0 222 17,000,000 9.8x 10% 
Tellurium copper 8.94 0.323 98.0 221 17,000,000 9.8x10% 
Arsenical copper 8.91 0.322 45.0 112 17,000,000 9.6x10¢ 
Phosphorized arsenical 8.94 0.323 45.0 112 17,000,000 9.6x 10% 
Phosphorized tellurium-bearing 8.94 0.323 90.0 205 17,000,000 9.8x 10% 
leaded copper 8.94 0.323 99.0 222 15,000,000 9.8x 10% 
Boron deoxidized 8.94 0.323 100.0 223 17,000,000 9.8 x 10% 
Cadmium copper 8.89 0.321 87.0 199 18,000,000 9.8 x 10% 
copper 8.89 0.321 40.0(80.0°) 99(1878) 19,000,000 9.8x 10% 
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Engineering Coppers. 


















; 
Typical Mechanical Properties of Representative Coppers 




















































































































| | 
eae | vd Yid Str 0.5% Ten Str, Elong, Jo | Rockwell Hardnes 
Designation Form and Condition Extension, Psi Psi (2 in.) | B F 
| 
Electrolytic tough pitch Sheet 0.040 in., hard! | 40,000—-47,000 | 46,000-50,000 5-6 | 50-51 
soft | 8,000-10,000 | 32,000-33,000 5-45 5-4 
Rod lin. dia, hard? 40,000-45,000 45, 000-48 ,000 15-16 47-50 
soft 8 ,000-10,000 32,000 45-55 
Tube 1 in. dia by 0.065 in. wall, hard? | 52,000 $5,000 60 
soft 8,000 32,000 45 
Wire 0.080 in. dia, hard? 66,000 18 
soft 35,000 353 
Phosphorized Sheet 0.040 in., hard! 45,000 $0,000 5 50 
soft 8,000 32,000 45 4( 
| Tube 1 in. dia by 0.065 in. wall, hard? | 40,000-50,000 45,000-55,000 5-10 50-60 
soft | 8,000-10,000 | 32,000-35,000 45 40 | 
Oxygen-free Sheet 0.040 in., hard! 45,000 50,000 5 50 
soft 8,000 32,000 40 0 | 
Tube 1 in. dia, hard? 51,000 53,000 3 56 
soft 8,000 32,000 43 3 
— eee — ————EEE eae | 
wy | | i 
Silver-bearing‘ Sheet 0.040 in., hard! |} 40,000-—47,000 46,000-53,000 5 | 51-3 
soft | 7,000-10,000 | 32,000-33,000 35-40 35-40 | 
— -_ — eee |] Co —————————— —— —E = ——— _ | 
Silver-bearing® Sheet 0.040 in., hard! 40,000 46,000 5 51 | 
soft 10,000 33,000 35 35 
— a Veen — ——— — 
Selenium copper Rod lin. dia, hard? 40,000 45,000 | 12 50 
soft 10,000 32,000 45 b> 
Tellurium copper Rod 1 in. dia, hard? 49,000 53,000 7 48 
soft 7,000 32,000 40 40 
Arsenical copper Sheet 0.040 in., hard? 39,000 57,000 4 62 
soft 5,000 34,000 44 4) 
Phosphorized arsenica! Tube 1 in. dia by 0.065 in. wall, hard! 40,000 60,000 | 4 95 
soft 8,000 37,000 42 28 
Phosphorized tellurium-bearing | Rod lin. dia, hard? 45,000 47,000 10 41 
soft 7,000 32,000 40 40 
Leaded copper Rod lin. dia, hard? 40,000 45,000 12 50 
soft 10,000 32,000 45 35 
Boron deoxidized Rod lin. dia, hard? 40,000 45,000 15 50 
soft 10,000 32,000 45 35 
Cadmium copper Sheet 0.040 in., hard! 48,000 55,000 6 65 
soft 12,000 37,000 50 47 
Wire 0.080 in. dia, hard? 90,000 13 
soft 40,000 408 
Chromium copper Rod 1 in. dia, hard? 57,000 62,000 20 70 
soft 15,000 35,000 40 50 
Rod 1 in. dia, heat treated® 61,000 72,000 25 77 
heat treated? 45,000 63,000 25 65 
Notes: 
1 Hard sheet reduced approximately 37% by cold rolling. * 25 to 30 os/ton silver. 
® Rod, wire or iube of commercially hard drawn temper. * Heat treated in hard condition. 


8 Elongation in 10 in. 


* 10 to 15 os/ton silver. 


Double pipe bend of phos- 
phorized copper for the 
production of a condenser. 
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* Heat treated in soft condition. 





Copper as such can be hardened only 
by cold working. Full hard material 
has a tensile strength roughly twice 
that of the soft material. At the same 
time, elongation is reduced to less 
than 10%. Properties of representa- 
tive coppers are included in a table. 

Chromium copper, however, 1s 
quite different from the remaining 
coppers. It is a yang harden- 
able material and can be heat treated 
to considerably higher strengths and 
hardnesses than are obtainable with 
the other alloys in the group. 
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Engineering Coppers 


low Temperature Properties 
ppers retain their ductility Effect of Silver on Softening Temperature 
: r : eratures as measured by (Benson, McKeown and Mends* 
do not have a 


from ductile Temperature producing 50% softening 
he tempera in 1 hr after 
, Designation 


l 1d hardne SS ana moderate 50% reduction 25% reduction 
io. These materials are suit by cold-working by cold-working 
yr service to tem pe ratures at 


s low as 300 | 


Electrolytic tough pitch 435 465 


Elevated Temperature Properties Shvertivartng tough pitch! | saa 


In the application of coppers for Oxygen-free 
moderately elevated temperatures, the 
temperature at which softening of 
hard worked copper becomes appre 
ne, WO ee PP NOTES: 
ciable can be quite important This | 30 o2/ton silver. 

; » ae >» ol ce 2 Extrapolated. 
temperature is a variable which de Enola any a rm 
pends on the degree of cold work. 
Softening temperatures of a number 
of commercial coppers are given in 
an accompanying table. 


Silver-bearing oxygen-free! 


Softening is dependent on amount in oxygen-free copper, part of the 25 oz/ton silver (0.087%) increases 
and type of impurities or alloying impurities are present in solid solu- the temperature range in which the 
elements. Tough pitch copper softens tion, recrystallization is somewhat material will retain its initial hard- 
at a lower temperature than the other retarded and the softening tempera ness by 200 to 300 F. Arsenic and 

mmmercial coppers because most of ture is raised. The addition of silver phosphorous also raise the recrystal- 
the impurities are in the oxidized to copper tends to restrict recrystal- lization temperature although the 
ondition and do not tend to restrain lization further and softening occurs effect of phosphorous is not so great 
recrystallization. On the other hand, at still higher temperatures. Thus as that of silver or arsenic. 


Automatic welding methods have greatly improved the speed and quality of copper welds. This large fractionating column 
chemical industry was welded by the inert gas metal arc method using @ mixture of helium and argon as the shielding gas. 





Creep Properties of Some Coppers 


(Burghoff and Blank) 














Stress (Psi) for designated 
creep rate in 1000 hr 


























Designation Condition Temp, F Source 
0.01% 0.1% 
—~| 
Electrolytic tough pitch Ann, 0.025 mm grain size 300 2,950 8,000 Proc. ASTM | 
400 1,300 4,000 Vol. 47, 1947 
500 350 1,150 | 
Drawn, 84% reduction 300 9,400 14,700! 
400 2,100 4,350 
Phosphorized Ann, 0.013 mm grain size 300 7,200 9,500 Trans. AIME 
400 2,100 5,400 Vol. 161, 1945 
500 700 1,950 
Drawn, 84% reduction 300 21,000 
400 5,200 
500 600 2,300 
Oxygen-free copper Ann, 0.025 mm grain size 300 3,600 8,200 Proc. ASTM 
400 1,500 4,800 Vol. 47, 1947 
500 400 1,700 
Drawn, 84% reduction 300 8,300 12,800! 
400 1,750 5,000 
Siiver-bearing copper (10-15 opt silver) Drawn, 84% reduction | 300 30,000 30,000 Elect. Mfg. Sept., 1953 
| } ' 
Phosphorized arsenical copper Ann, 0.045 mm grain size | 300 8,400 > 10,000 Proc. ASTM 
| 400 5,200 > 7,000 Vol. 47, 1947 
| §00 2,600 5,500 
Drawn, 84% reduction 300 40,000 46,000 
400 27,500 35,500 
500 2,000! 3,750! 
' Produced accelerated creep rate. 
The. creep of copper is attecte 


Copper plates being fabricated into a large fractionating column. The inert gas metal arc 





method of welding was used extensively in the production of this column. 









also by composition and in hard cop 
pers, the higher softening tempera 
ture of silver bearing or arsenica 
copper markedly influences 

rate. This is shown also in a table 
Electrolytic tough pitch and oxyge! 
copper the lowest cree 
strengths, followed by phosphorized 
copper while silver-bearing and at 
senical coppers are highest in resis 
tance to creep. For example, in on 
investigation it was found that silver 
bearing tough pitch copper had the 
same creep strength at 440 F as 
electrolytic tough pitch copper had at 
265 F. Silver-bearing and arsenical 
coppers are therefore used more 
widely in elevated temperature ap- 
plications than the others. 


free have 


Corrosion Resistance 


There is not sufficient variation in 
the composition of these alloys to 
influence the corrosion resistance to 
any marked extent and they can be 
considered as a group. | 

Copper exhibits satisfactory resis: 
tance to the atmosphere and to s¢@ 
water and is used extensively in ef 
vironments of this nature. Copper 's 
attacked rapidly by oxidizing acids 
such as nitric but resists sulfuric, 
hydrochloric and other non-oxidizing 
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A stimate of the resistance of 
) number ol corroding 
s included in a table This 
table should be used only as a pre 


iminary guide. The influence of 
such factors as rate of flow, purity o! 
the solution, aeration and tempera 
ture are so great that no specifi 
ecommendations are possil le An 
test in the solution being 

ited is desirable. As an exam 
opper shows satisfactory resis- 

to boiling, dilute sodium 


le solution containing sodium 
salts but the introduction of air 
he solution will greatly 


or attac k. 


into 


increase the 
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Approximate Corrosion Resistance of Copper 








Carbon dioxide 
Chlorine, dry 

Citric acid 

Copper sulfate 
Ferrous chloride 
Ferrous sulfate 
Hydrogen 

Hydrogen sulfide, dry 
Natural gas 

Oxygen 

Potassium chloride 
Potassium hydroxide 
Potassium sulfate 
Sodium chloride 
Sodium hydroxide 
Sodium sulfate 
Sulfur dioxide 


Water, fresh or sea 





Sulfuric acid (80-95%), 


Phosphoric acid 
Sodium hypochlorite 
Sodium peroxide 
Sodium sulfide 


Sulfuric acid (40-80%) | 


Water, acid mine 
Zinc chloride 


‘below 40%, 


Good Fair Poor 
Acetic acid Ammonium sulfate Acetylene 
Alcohols Chlorine, moist Ammonia, moist 
Ammonia, dry Copper ¢ hloride Ammonium hydroxide 
Atmosphere, rural, industrial, marine Copper nitrate Ammonium chloride 
Bleaching powder, wet Hydrobromic acid Ammonium nitrate 
Boric acid Hydrochloric acid Chromic acid 
Bromine Hydrofluoric acid Ferric chloride 


Ferric sulfate 
Hydrocyanic acid 
Hydrogen sulfide, moist 
Nitric acid 

Potassium cyanide 
Silver salts 

Sodium cyanide 

Sulfur, molten 





Good indicates usable under most conditions. 
Fair indicates subject to attack but may be used under certain conditions 


Poor indicates unsuitable. 


Processing Characteristics 


forming and Fabrication 


Copper has excellent ductility and 

es not work-harden as rapidly as 
rass or bronze. Consequently, it is 
apable of being cold worked drasti- 
cally with reductions up to 90%. Al- 
though the various grades have 
essentially similar cold working char- 
acteristics deoxidized and oxygen-free 


orades can stand 


somewhat 


more 


ties, an annealed 


sheet 


with con- 








severe bending and forming opera 
tions than tough pitch copper. 

For most press working operations 
involving cupping and drawing, cop- 
ductile than 


trolled grain size being used for best 
results. Bending and forming of 
cold rolled strip are influenced by 
the directional properties of the strip. 
Strip in cold rolled tempers can be 
bent more readily across the rolling 


per is somewhat less 

70-30 brass. However it has good 
ormability and can -adily 
formability nd readily 


stamped, coined and embossed. The 
metal has excellent spinning proper- 
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direction than parallel to it and this 


factor must be 


sharp bends are made. 


considered 


when 
Soft, thin 

















| Commercial Machinability 
Designation | Cold Working Hot Working Hot Working Annealing Rating Free-cutting 
| Temp Range, F Temp Range, F brass = 100 
Electrolytic tough pitch | Excellent Excellent 1400-1600 700-1200 20 
"hosphorized Excellent Excellent 1400-1600 700-1200 20 
Oxygen-free Excellent Excellent 1400-1600 700-1200 20 
Selenium copper Good | Excellent 1400-1600 700-1200 90 
silurium phosphorized Good Excellent 1400-1600 700-1200 90 
Leaded copper | Good | Poor a 700-1200 80 
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Minimum Permissible Bending Radii For 0.020 in. Copper Strip (Gohn) * 











| Bend at 
Condition 45 deg to 
Across | rolling With 
| grain | direction grain 
| 
Cold-rolied 2 B & S Nos. Hard | Le in. le in 34, in. 
Cold-rolled 6 B & S Nos. Hard Lg, in. V6 in. Le in. 








* Proc. ASTM Vol. 36, 1936 





Joining @ copper head to a shell by silver brazing. 


132 








material will stand more drag 
bends than hard, thick materi, 
Some idea of the minimum bendip, 
radii permissible for copper ; 
obtained from an accompanyit 

With the exception of lea 


per, all grades have excellent 


nm tk 
Al [S 
OD 


working properties. Hot ben 
forming are used for bending 
wall pipe, dishing heavy plates fo, 
pressure vessel heads and _ simila 
operations which can be perforn 
more readily hot than cold. 

These materials are hot forged an 
pressed at temperatures of 1400 to 
1650 F. Of the group, electrolyti 
tough pitch and phosphorized cop 
pers are most widely used for this 
purpose. 


iCq 


Heat Treatment 


The principal function of heat 
treatment as applied to the coppers 
is annealing preparatory to further 
cold working. Commercial annealing 
temperatures range from 700 to 1201 
F, selection being based on grair 
size desired. The lower the anneal 
ing temperature the finer the grain 

Chromium copper, however, is 
precipitation hardening copper. By 
suitable treatment, considerable in 
crease in strength and electrical con 
ductivity can be achieved. Heat 
treatment is performed in two stages 
The first is a solution treatment of 
about 1750 F for 14 hr followed by 
water-quenching. The second is an 
aging treatment at about 850 F for 
4 to 8 hr depending on size. Some 
results of such treatment are included 
in the tables on physical and me- 
chanical properties. 


Machining 


There is no simple method of 
comparing the machinability of met- 
als since there are so many possible 
combinations of speed, feed, and 
depth of cut but some indication of 
practical procedures can be given. 

The machinability of free-cutting 
yellow brass is commonly assigned 
the arbitrary rating of 100%. On 
this basis, commercially pure copper 
is rated 20% and falls within the 


classification of materials which are 


relatively difficult to machine. Some 
authorities consider that tough pitch 
copper is slightly more machinable 
than oxygen-free or phosphorized 
and assign tough pitch a rating 0! 
25%. 

In turning operations, ductile 
metals like copper mg 25% relatively 
large rake angles. In fact, side rakes 
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Suggestions for Machining 


















































| 
| 
Speed-surface Ft/min® Feed, in./rev | Tool angles, deg 
Operation eee ee al, 7. Agar eee ie. 
| Free- | 
| Copper> | cutting® | Copper Free-cutting Copper Free-cutting 
Te | | | l 
Turning 75-150 300-700 | Roughing 0.015-0.040 | Roughing 0.006-0.020 | Side rake 20-30 | Side rake 0-3 
| Finishing 0.003-0.015 | Finishing 0.003-0.015 | Back rake 10-20 | Back rake 0 
| Side clearance 10-20 | Side clearance 0-5 
Front clearance 10-15 Front clearance 6 
Parting 0.0005-0.0015 0.0005-0.0015 End cutting edge 25 End cutting edge 15 
| Back rake 7-15 | Back rake 0 
| | Side clearance 2-4 | Side clearance 2-4 
| Front clearance 5-10 | Front clearance 5-10 
- - aan TES —- —_—__—_——_—_- —-———_ -—~- aa | ee ee — ————_—_—_ | —___-—-——- ee ———-~---- 
Milling | 50-100 200-250 0.5-204 0.5-204 | Rake 0-15 | Rake 0-10 
| | Clearance 12-15 | Clearance 10-15 
eee ee |\— | | —_—— | —___—_— 
Drilling | 50-125 | 200-500 0.003-0.020 | 0.003-0.020 Standard twist drill, full | Standard twist drill, 0 
| rake angle, cutting edge | deg rake angle, 6-8% of 
| | not flattened. | cutting edge flattened. 





s For regular high speed steel tools, reduce for carbon steel tools, increase, im general for carbide tools. 


dAll types of copper excepting the free-cutling grades. 


¢ Includes leaded copper and coppers containing tellurium or selenium. _ 
é Depends on such factors as cutter width, machine rigidity, and finish desired. 


for copper frequently exceed those 
generally used for steel. Suggested 
values are given in a table. Cutting 
edge angles vary depending on the 
nature of the machining operation. 

Standard straight-blade cut off 
tools and many types of commercial 
milling cutters are satisfactory for 
copper. A coarse tooth spiral cutter 
with 20 to 30 deg helix angles or a 
helical cutter with a 50 deg angle 
produces a fine surface on copper 
when suitable rake and clearance 
angles are used. The clearance angle 
should be greater for large than for 
small cutters, the maximum angles 
shown in the accompanying table 
being suitable for cutter diameters of 
3 to 4 In. 

Standard twist drills are satisfac- 

tory for copper if the full rake angle 
is employed. Drills of special de- 
sign are in use for long run produc- 
tion operations. These drills have 
a greater number of twists per inch, 
the increased rake angle resulting 
assists in removal of the chips. 
_ In machining copper ample cool- 
ing is required for best results. The 
function of this material is lubrica- 
tion as well as cooling. Mineral oil 
containing from 20 to 30% lard oil 
is used extensively for the purpose. 
Sulfurized mineral oil has been used 
but parts must be cleaned as soon as 
possible after machining to avoid dis- 
coloration caused by the sulfur. 

These suggestions apply to most 
of the coppers under discussion. 
There is, however, a special group 
containing lead, selenium or tel- 
urium. Addition of these elements 
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to copper greatly improves the ma- 
chinability and as a result, these 
modified coppers have a machina- 
bility rating of 80 to 90% and are 
classified as free-cutting coppers. 
They are used particularly in screw 
machine operations. Suggested con- 
ditions for machining these coppers 
are included also in a table. It is 
possible to use the same tooling as is 
used for free-cutting brass. 

Cooling and lubrication of these 
coppers is frequently accomplished 


by flooding the material with parafhn 
oil particularly when machining 
speeds are high. A light feed and 
moderate depth of cut are employed. 
A mixture of 20 parts water to 1 part 
soluble oil is also used. 

The choice of a tool material de- 
pends on the service requirements. 
For short runs at relatively low 
speeds, carbon steel cutters can be 
used. On moderate production runs, 
high speed steels are employed es- 
pecially for turning tools because the 





The excellent conductivity of tough pitch copper leads to wide applications in the electrical 
industry. 
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Fabricating a phosphorized copper kettle by 


speed of cutting can be increased 
Carbide tools are frequently used for 
long runs particularly where quantity 
of metal to be removed is extensive. 
Joining 

The coppers can be joined by 
soldering, brazing or welding but 
certain characteristics must be re 
called to obtain satisfactory results, 
particularly in welding. The high 
thermal conductivity offers a problem 
in heavy sections because of the rapid 
removal of heat from the immediate 
joint area. The heat affected zone is 





the inert-gas metal arc welding process. 


wider for copper than for other met- 
als. The high electrical conductivity 
also introduces problems particularly 
in resistance welding. 

With the exception of soft solder- 
ing, joining tough pitch copper in- 
troduces problems not encountered 
with oxygen-free or deoxidized cop- 
pers because of presence of cuprous 
oxide, which is readily reduced if 
heated at elevated temperatures in re- 
ducing atmospheres. Thus, the cop- 
pers must be divided into two groups 
in a discussion of their welding char- 
acteristics particularly. Relative ease 


Joining Properties of Some Coppers 


of joining the coppers is indicated jp 

a table and methods are discussed 

briefly in the following sections, 
Soldering and Brazing—S dering 


and brazing are operations in which 
the parent metal is not raised to jt, 
melting point. They are thus dis 
tinguished from welding. per 
Can be r¢ adily soft solder: and 
brazed. If suitable precautions ay 
taken to prevent contact of tough 


pitch copper with reducing gases ai 
brazing temperatures, all of th Cop. 
pers can be treated alike. 

Soft soldering implies joining with 
metals which melt below 800 IF while 
brazing implies the use of alloys 
melting above this temperature 
Hard soldering, silver soldering and 
silver brazing are_used interchangably 
for joining with alloys of high silver 
content. The use of brass for joining 
is generally called brass brazing. 

Soft solders, which are chiefly 
lead-tin alloys, are employed widely 
in joining copper. ‘there are no 
particular problems involved except 
the ordinary precautions of having 
the metal surfaces clean and free 
from greases. As a matter of fact 
copper is probably the easiest meta 
to join by soft soldering. If the su 
face is free of oxides, mild fluxes o! 
the rosin type can be used. If oxic 
removal is necessary, a mixture of 
zinc and ammonium chloride or one 
of the proprietary activated fluxes 
may be required. Soft solders stan 
dardized by ASTM are covered in 
Specification B32 which has an ap 
pendix giving suggested applications 
for each grade. 

Standard brazing procedures are 
applicable to copper, and any method 
of heating which will quickly raise 
the material to brazing temperatu 

















Electrolytic tough pitch Excellent Good Poor Fair Fair Fair 
Phosphorized Excellent Excellent Fair Good Good Excellent 
Oxygen-free Excellent Excellent : Fair Good Good Excellent 
Selenium copper Good Fair Poor Poor Poor Good 
Tellurium phosphorized Good Fair Poor Poor Poor Good 
Leaded Good Fair Poor Poor Poor Poor 
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can be used. To develop a joint 
strength equivalent to that of an- 
nealed copper it is Customary to use 
a lap joint in which the lap is three 
times the thickness. Copper-phos- 
phorus and copper-phosphorus-sil- 
ver brazing alloys can be used with- 
out fluxes. Silver brazing alloys 
require a suitable flux. These alloys 
melt in the range 1150 to 1600 F. 
Copper-zinc alloys are sometimes 
used for brazing copper although 
higher temperatures are required. 
Standard brazing alloys are given in 
ASTM specification B260 which in- 
cludes also an appendix suggesting 
applications of the various grades. 
Carbon-arc Welding—Because of 
the cuprous oxide content, tough 
pitch coppers are difficult to weld by 
the carbon-arc process. The reducing 
atmosphere in the weld area causes 
embrittlement, the degree depending 
on time of contact with the gases at 
welding temperature. Best results 
are obtained by using d-c straight 
polarity, phosphor bronze welding 
tods with a flux consisting of fused 
borax and sodium fluoride and a 
lineal speed of 10 to 20 in. per min. 
This procedure is limited to material 
not more than 3 in. thick. 
Oxygen-free and deoxidized cop- 
Pers are more readily welded by this 
Process, Straight polarity d-c is used. 
Copper-silicon welding rods with 
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Series of operations during the hot rolling of rod preparatory to drawing wire for use in cables and telephones. 


suitable fluxes are most successful 
and multiple pass welding permits 
the joining of all thicknesses. These 
welding rods contain 99.75% copper 
and 0.25% silicon, but have not been 
included in the general’ discussion 
because of their specialized nature. 
The effect of lineal speed is apparent 
only in the density. Welding must 
be done in the flat position and a 
backing of copper is necessary. Phos- 
phor bronze welding rods without 
flux can be used for single pass welds 
on thicknesses up to ¥ in. 

Metal- Arc W elding—Properties of 
the joint dictate the choice of elec- 
trodes used in shielded metal-arc 
welding. If high conductivity and 
corrosion resistance are necessary, 
deoxidized copper electrodes must be 
used. Under less critical service con- 
ditions, phosphor bronze or copper 
silicon electrodes are used to take ad- 
vantage of the lower preheating and 
interpass temperatures which are re- 
quired. Because of the high thermal 
conductivity of copper, preheat tem- 
peratures of 800 to 1000 F are nec- 
essary particularly in heavy sections. 
Higher amperage and larger elec- 
trodes are used than would be re- 
quired for steel of the same thick- 
ness. The process is suitable for 
oxygen-free and deoxidized copper, 
but, although not generally recom- 
mended for joining tough pitch cop- 










pers, can be used successfully by 
skilled operators. Certain practical 
difficulties make this method less 
popular than the inert-gas-shielded 
arc method. 

Inert-Gas Tungsten Arc Welding 

-Tough pitch copper can be welded 
by this process but joint strength is 
definitely inferior to that obtained 
with oxygen-free or deoxidized cop- 
per. The process is considered best 
for joining copper up to about 14 
in. in thickness although preheating 
permits the joining of thicker ma- 
terial. D-c straight polarity current 
is used with a silicon deoxidized cop- 
per welding rod. No flux is neces- 
sary. The shielding gas can be argon, 
helium or a mixture of the two. 

Inert-Gas Consumable Electrode 
Welding—As is the case with the 
tungsten arc process, joint strength 
obtained with tough pitch copper is 
inferior to that obtained with deoxi- 
dized copper. The process is best 
suitable for joining material which 
is at least Yg in. thick. The lighter 
gages must be welded against a back- 
ing plate. Sections greater than 
about 1/, in. in thickness will require 
some preheating; d-c reverse polarity 
current is used with a silicon deoxi- 
dized copper filler metal. Shielding 
can be done with helium, argon or a 
mixture of the two, and no flux is 
required. 
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Battery of wire-drawing machines 
applications. 











Bright annealing copper wire in a bell type furnace. 
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Drawing phosphorized copper into tubing, one of the major forms in which this grade is 
used. 





136 


Gas Welding—For gas weldin, 
the coppers, the oxyacetylen flame 
is used because of its high heat , 
put. In welding tough pitch coppe 
an oxidizing flame is required, ap4 
the filler metal is usually a high zip 
brass and a flux is necessat 


Jur 


process is also called braze ' 
Joints are inferior to those obtaine; 
when deoxidized copper is used 

Oxygen-free and deoxidized Cop. 
pers can be welded using a neutral 
flame. Filler rods of deoxidized cop 
per are used if high conductivity js 
necessary Or Maximum resistance to 
corrosion is required. However, both 
phosphorus or silicon deoxidized 
filler metal rods are widely employed 
Preheating is generally necessary ip 
joining heavy sections and welding 
can be done in the flat or vertica! 
position. Fused borax and boric acid 
is generally used as a flux. The phos. 
phorus deoxidized rods give better 
color match while silicon deoxidized 
rods yield sounder joints. 

Resistance Welding—Joining of 
the coppers by spot, seam or projec 
tion welding is extremely difficult 
Special techniques, such as use 
electrodes faced with high-resistanc: 
materials can be used on thin sections 
Butt welding is practiced widel 
particularly in the production of rod 
and wire. High energy input and 
short welding time yield satisfacton 
joints with strengths equal to the 
parent metal. 


Surface Finishing 


Mechanical and Chemical Clean. 
ing—Oils, greases, dirt or metallic 
particles picked up on the surface 
during fabrication can be removed 
by a variety of mechanical and chem 
cal cleaning methods. The choic 
usually depends on size and quantity 
of parts to be handled and nature of 
the soil. 

Small parts can be cleaned bj 
abrasive tumbling. Burrs resulting 
from previous machining operations, 
grease and dirt can be removed by 
this process, which may also work: 
harden the surface. Tumbling can 
be followed by ball burnishing to 
improve surface appearance. Large 
pieces can be cleaned by blasting. 
Since copper is a relatively soft metal 
sand is preferred to steel or other 
hard shot for this operation. Wet 
blasting with a suspension of abra 
sive in water is increasing in popu: 
larity because considerable control 0! 
the intensity of the action is possible. 
Wet blasting has been used not only 
to deburr and degrease the surface 
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. to remove the excess flux 








the surface of a part. The material 





hydrochloric acid. After bright dip- 


§ cyiting from soldering or brazing to be cleaned is placed in a suitable ping, the part is rinsed in water, 
. sperations. After blasting, the work chamber in which the solvent vapor dipped into a solution containing 
? tte finish which can be used is condensed. The condensate re from about 4 to 8 oz per gal of 
with no further finishing moves the oil from the surface and sodium cyanide, rinsed in water and 
ns leaves the material clean and dry dried. A dip into a sulfuric acid 
M widely used of chemical Pickling—When copper is an nitric acid-zinc sulfate solution held 
methods is alkali cleaning nealed in an oxidizing atmosphere a at 180 F can be used to obtain a 
he bath consists of a pro surface film is formed. This film matte finish after bright dipping 
srieté mixture of caustic soda, contains cupric, and cuprous oxides Rinsing in water and drying follow 
osphates, silicates, and similar of copper. While cupric oxide is Plating—The excellent corrosion 
Lalis with organic emulsifiers and soluble in sulfuric acid, the lower resistance of the coppers to many en 
al ath tic wetting agents. There is oxides are not. Therefore, in clean- vironments makes it unnecessary to 
come disagreement whether these ing the surface by pickling, it is protect the surface for most indus 
-ompositions can be used indiscrimi necessary to add an oxidizing agent trial applications. For some appli 
. nately for cleaning copper without to the usual sulfuric acid bath em- cations, however, primarily for deco- 
¢ excessive attack. Generally the bath ployed in pickling copper alloys of ration, copper is plated. Provided 
‘< agitated to loosen the dirt while lower copper content. The oxidizing the surface is clean and free from 
. he alkali removes oils and greases agent can be sodium dichromate and greases and oils, copper is possibly 
‘ by saponification of emulsification. the bath can be operated in the range the easiest metal to plate. Metals 
FY Solutions frequently contain from from room temperature to about 175 such as gold, silver, nickel and chro 
f i to 8 oz per gal of cleaner and the F. Pickling leaves the surface free mium are readily deposited by elec 
% baths operate in the range 170 to from oxide but with a dull finish. A troplating. Replacement coatings of 
4 190 F. bright surface can be obtained by fol silver, gold and tin are obtained by 
if Alkali cleaners are used also in lowing pickling with a bright dip. immersing the part to be plated in a 
iy electrolytic cleaning processes for Bright dip solutions are composed suitable solution. 
of which no emulsifiers or wetting of mixtures of sulfuric and_ nitric In architectural applications it is 
E agents are required. The work can acid to which a small quantity of sometimes desirable to color copper ; 
be made either anode or cathode al- water and hydrochloric acid are by immersion in solutions of suitable 
: though the process is often operated added. The hydrochloric acid bright- chemicals, various colors can be de 
in two stages. In the first, the work ens the surface but an excess may veloped. These include black, red 
: is made the cathode to obtain a rapid leave it spotty. The bath is main- dish brown, bronze and a green 
‘ evolution of gas from the surface tained at room temperature usually which resembles the natural patina 
é for quick cleaning. For this stage 4 by some method of cooling the tank formed when copper weathers in air. 
i | to 6 oz per gal of cleaner can be used to remove the heat reaction. Sodium lo preserve the finishes obtained, 
* with an operating temperature of chloride can be used to replace the lacquering is required. 
he 160 to 200 F. After rinsing, the 
vork is transferred to a second bath 
n which it is made the anode. Con 
ration of cleaning compound 
. inges from 4 to 12 oz per gal and 
! the operating temperature is the same 
is in the first stage. In this cleaning 
ycle, most of the soil is removed 
luring the first stage of the opera- 
ion and second solution remains 
relatively free from oil and grease. 
sf Copper is tarnished readily during 
alkali cleaning. The film can be re- 
" moved by dipping into dilute hydro- 
“J chloric or sulfuric acid, rinsing in 
. water and drying. 
‘ Solvent cleaning is often used on 
.. J mall parts such as screw machine 
“ products to remove cutting oil. The 
" material is immersed in a suitable 
solvent usually a low boiling mineral 
5 " traction which is held at a tem- 
perature of 120 to 140 F. Only 
: physical cleanliness is obtained by 
a cat cleaning, If chemical clean- 
Ness Is mecessary for subsequent 
4 hnishing operations, alkali cleaning 
if must follow. 
. nich careening, usually with 
ly e se: ylene as a solvent, is a 
ce Pid method of removing oils from Rotor for a fractional horsepower motor after welding by the carbon arc process. 


)§ 








DEC; MBER, 1953 ; 








137 

















Phosphorized copper heat exchanger consisting of a spun copper shell and finned tubing 


shows the ductility of this type of copper. 


Applications 


The factors underlying the ma 
jority of applications of the coppers 
are high electrical conductivity, high 
thermal conductivity, good strength, 
corrosion resistance, and ease of 
working and joining. A long list 
of applications could be cited but 
would serve no particular purpose. 
The following brief notes indicate 
the general field of usage of the 
various types but is illustrative rather 
than comprehensive. 

Electrolytic tough pitch is the most 
widely used of all coppers. In elec- 
trical applications, it is used in 
motor, generator, transformer, and 
instrument windings, bus bars, con- 
tacts, household and industrial wiring 
and radio parts. Industrial applica- 
tions based on the corrosion resis- 
tance thermal conductivity, or both, 
include chemical plant equipment. 
such as kettles, stills and pans, food 
processing equipment, molds and 
mold-stools for casting metals, print- 
ing rolls and expansion joints. In 
architecture, applications include 
roofing, spouting, screening, nails 
and rivets. This grade is used also 
in the automotive industry in various 
applications including automobile 
radiators. 

In electrical applications, oxygen- 


free copper can serve for the same 
purposes as tough pitch but is usually 
selected for special applications for 
which tough pitch is unsuitable. This 
includes electrical equipment for ser- 
vice at elevated temperatures in the 
presence of reducing gases. Oxygen- 
free copper can be joined by hydro- 
gen brazing and this factor leads to 
the application of a special certified 


grade in electronic applications. The 


discovery that copper oxide adheres 
more firmly to oxygen-free copper 
than to either tough pitch or phos- 
phorized coppers resulted in the de- 
velopment of the Housekeeper glass- 
to-metal seal now widely used in 
electronics. 
Although one grade of phosphor 
ized copper is employed in electrical 
applications such as bus tubing and 
terminals for electrical appliances, 
most phosphorized copper is used for 
other purposes. Since it can be more 
severely worked than tough pitch 
copper and is more readily welded, 
phosphorized copper is widely used 
for the fabrication of equipment 
Among major applications are indus: 
trial condensers, refrigerators, heat 
exchangers and evaporators, and the 
fabrication of welded vessels. Do- 
mestic usage includes refrigerator 


lines, plumbing pipe and tubing 
oil burner tubing. 

Silver-bearing copper is used q 
for electrical commutators, elec 
motors for aircraft and railroad se, 
vice and for moderately vate 
temperatures w here its streng 
tion is advantageous. Be 
softening point ts above the 
point of the usual soft solders, sil; 
bearing copper can be soldered in 
hard condition with no_ loss 
strength. This property is advan 
geous in the production of sud 
equipment as special types of radi 
tors for internal combustion engines 

Like silver, arsenic raises the ; 
ised os temperature of Copp. 
but unlike silver it reduces the ele 
trical conductivity drastically. It 
not used therefore in applications 
which conductivity is a major r 
quirement. Arsenical copper is em 
ployed more extensively in Europ. 
than in the United States for suc 
applications as the fabrication 
equipment to be used at elevated te: 
peratures including locomotive fir 
boxes. 

Tellurium-bearing copper is us 
for screw machine products, tor 
tips and electrical application su 
as switch parts, contact points, relays 
bolts, studs and soldering tips. 
mium copper is used for trolley wire: 
and resistance welding electrodes 
Chromium copper applications in 
clude spot and seam welding ele 
trodes, also parts in electrical equi 
ment requiring a combination of hig 
hardness of strength with good el 
trical conductivity. 
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AISI TYPE 


ee 


4023 4032 4042 4053 4063 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Lb/Cu In. 
¢ Thermal Cond, Btu/Hr/Sq Ft/Ft/F @ 212 F 
( Coeff of Exp per F: 
70-1200 
Spec Ht, Btu/Lb/F: 
Elect Res, Microhm-Cm @ 68 F: 
hogy tetasauivens 


"MECHANICAL PROPERTIES 
Mod of Elast in Tension, Psi 
U Tensile Str, 1000 Psi: 
Annealed, cold drawn 
Cold Drawn 
Hard and Temp (see notes) 


Yield Point, 1000 Psi: 
Annealed, cold drawn 
Unannealed, cold drawn 
Hard and Temp 


Vs Elong in 2 In., %: 

1d Annealed, cold drawn 
Unannealed, cold drawn 
Hard and Temp 


Red of Area, %: 

( Annealed, cold drawn 
Unannealed, cold drawn 
Hard and Temp 


Hardness, Bhn: 
Annealed, cold drawn 
Unannealed, cold drawn 
Hard and Temp 


Fatigue Str (End Limit), 1000 Psi 


THERMAL TREATMENT 
Annealing Temp, F 
Hardening Temp, F (oil-quench) 
Tempering Temp, F 
FABRICATING PROPERTIES 
Machinability Index (B1112 steel= 100) 
Weldability: 
Elect Res 








CORROSION RESISTANCE 











G 6b. 
Mn 0.70 


P 0.040 max P 0.040 max P 0.040max | P 0.040max P 0.040 max 


S 0.040 max S 0.040 max S 0.040 max S 0.040 max S 0.040 max 
Si 0.20/0.35 Si 0.20/0.35 Si 0.20/0.35 | Si 0.20/0.35 Si 0.20/0.35 
Mo 0.20/0.30 | Mo0.20/0.30 | Mo0.20/0.30 | Mo 0.20/0.30 Mo 0.20/0.30 
0.283 | 0.283 0.283 | 0.283 | 0.283 
27 | 27 27 27 27 
8.3x 10-6 | 8.3xl0® | 8.3x1l0% | 83x10 83x 10% 
0.10-0.11 | 0.10-0.11 0.10-0.11 | 0.100.11 | 0.10-0.11 
19 19 | 19 i. i... 
Magnetic Magnetic Magnetic Magnetic | Magnetic 
| | | | 
29-30 x 108 | 29-30x108 | 29-30x 108 29-30 x 108 | 29-30 x 108 
88 | 92 | 96 102 109 
90 104 | 117 127 | 137 
120" | 210° | 235° 2508 269! 
108» 1404 158! | 165® 173) 
| | | 
76 7 | 82 | 88 94 
75 89 | 101 | 108 115 
| 85* 182° 210° | 2238 | 231! 
64> 1284 | 140° | 150" | 1503 
22 20 | 19 | 18 16 
21 17 | 16 | 14 13 
208 11° | 10° | 128 | 8 
21> | 184 | 15! | 165 | 133 
$7 | 54 53 51 | 48 
55 51 | 49 45 40 
53° 49° 42° 408 15! 
54° 634 60! 565 403 
179 192 | 202 212 223 
183 217 241 262 277 
255* 415° | 461° 4958 | 534! 
229» 3024 302! 3525 3803 


| Fatigue properties are proportional to the tensile strength in the same ratio as other low 


alloy steel 


ness levels it is about 45% of the tensile le strength. 


1650 
kK 


1 a, C 0.30/0.35 C 0.40/0.45 C 0.§0/0.56 C 0.60 0 67 
0.90 Mn 0.70/0.90 | Mn0.70/0.90 | Mn0.75/1.00 Mn 0.75/1.00 




















| 


s. At hardness values below 408 Brinell, the ratio is about 50%, at higher hard- 


1550-1600 | 1525-1575 1450-1550 | 1450-1550 
I | 1500-1575 | 1475-1550 | 1475-1550 
To desired properties 
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Can be welded by the procedures used for carbon steels. Moly bdenum increases the harden- 
ability and preheating or post-heating may be required. 











70 65 56 | 52 





The corrosion resistance of these steels is similar to that of the carbon steels. 























USES Automotive | Automotive | Leaf and coil springs, bolts, axles, | Leaf and coil 
parts such as | transmission | steering arms and knuckles. Hand springs. Hand 
countershafts, | gears and pin- | tools such as screw drivers. tools such as 
transmission | ions, bolts. chisels. 
shafts, spline 
and differential 
gears. 

“1 in. round pseudo-carburized at 1700 F, 8 hrs, oil-quenched, tempered 1 hr at & Oil-quenched from 1475 F, tempered at 600 F. 

5 300 F, b Oil-quenched from 1475 F, tempered at 1000 F. 
1 in. round pseudo-carburized at 1700 F, 8 hrs, oil-quenched, tempered 1 hr at i Oil-quenched from 1450 F, tempered at 600 F. 

_ IUU F; reheat 1475 F, oil quenched. i Oil-quenched from 1450 F, tempered at 1000 F. 

a quenched from 1525 F, tempered at 600 F. k — 1650-1700 F, quench fine ‘grained steels directly from carburizing 

' Water quenched from 1525 F, tempered at 1000 F. emp. . é 

' Utl-:uenched from 1500 F, tempered at 600 F. ! Carburize 1650-1700 F, quench fine grained steels directly from carburizing 
Oil-:wenched from 1500 F, tempered at 1000 F. temp; water-quench from 1500-1550 F if not carburized. 

1 Prepared with the assistance of Bliss © Laughlin, Inc, 


more information, Circle No. 515 


the Proven Binders 
for Rock Wool and Fiber-Glass | RR 


2.00 
2.05 
2.10 
2.15 


o 2.20 
Reichhold chemists developed these 3 ~  ar~™ 2.25 
water-soluble phenolic resins specific- | wittiee.. ae ta 
ally to meet the requirements of manu- i i eg } | 2.40 
facturers of rock wool and fiber-glass oh : : i | " 
insulation. RCI PLYOPHENS are low av : 2.55 
cost heat and water resistant binders 4 [> — 765 
with a demonstrated ability to reduce f ; | “micaagaal 
stack losses. And PLYOPHEN economy yy | |} o 2.80 
doesn’t end there... you’ll find you can 7 
obtain a high quality end product with 
up to 10% less resin! These top-grade 
phenolic binders are manufactured to 
exact standards of uniformity with the 
finest equipment available in the world 
today. For complete information and 


working samples, write direct to: 


REICHHOLD CHEMICALS, INC. 
630 Fifth Avenue, New York 20, N. Y. 











Creative Chemistry . . . Your Partner in Progress 
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Synthetic Resins ¢ Chemical Colors * Phenolic Plastics * Phenol 
Glycerine * Phthalic Anhydride * Maleic Anhydride 
Sodium Sulfate « Sodium Sulfite 
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Brinell Hardness Numbers for Various Loads 


[he Brinell hardness number is influenced by the applied load, the diameter of the ball and its elastic properties. In the usual procedure, a 
ball having a diameter of 10 mm is used with a load of 3000 kg for steels and 500 kg for after materials. However, it is sometimes desirable to 
termediate loads. The Brinell hardness numbers for loads ranging from 500 to 3000 kg are given below. 





BRINELL HARDNESS NUMBERS BRINELL HARDNESS NUMBERS 


| eT | | | 

Dia. Dia. | 

of 1000 | 1500 | 2000 2500 | of | 500 | 1000 | 1500 2000 | 2500 | 3000 
Inden- KGM | KGM | KGM KGM Inden- KGM KGM | KGM KGM KGM KGM 
tation Load load | Load Load tation Load | | Load Load Load | Load 








2.00 316 473 632 788 4.25 | 33 
2.05 | 300 | 450 600 750 4.30 32 
2.10 | 286 | 428 $72 714 4.35 32 
2.15 | 72. | 4 | $44 68] 4.40 3] 
2.20 | 260 390 520 650 4.45 30 
2.25 Set SR 496 621 4.50 29 
2.30 | | 238 | 356 476 593 4.55 | 29 
2.35 | 228 | 341 | 456 568 4.60 | 28. 
2.40 218 | 327 436 545 4.65 oF. 
2.45 | 208 | 314 416 §22 4.70 27. 
2.50 200 | 301 400 500 4.75 26. 
2.55 | : 193 | 289 385 482 4.80 | 25 
2.60 | 6 185 278 | 370 462 4.85 25. 
2.65 | Q ae he a 445 4.90 24 
2.70 © ake 257 343 429 4.95 24 
2.75 2 165 248 330 413 5.00 23 
2.80 159 239 318 398 5.05 23 
2.85 154 231 307 384 5.10 22 
2.90 148 222 296 371 5.15 22 
2.95 143 215 286 358 5.20 21 
3.00 138 208 276 346 $.20 21 
3.05 134 201 267 334 5.30 20 
3.10 129 194 258 324 88 5.35 | 20 
3.15 125 188 250 313 375 5.40 20 
3.20 12] 182 242 303 5.45 

3.25 117 176 234 5 5.50 

3.30 114 171 227 - 5.55 

3.35 110 166 220 ] 5.60 

3.40 107 16] | 214 | 5.65 | 
3.45 104 156 | 207 2 5.70 | 
3.50 151 201 5 5.75 

3.55 147 196 5.80 | 
3.60 143 190 5.85 

3.65 139 | 184 5.90 | 
3.70 135 | 180 5.95 | 
3.75 | 174 6.00 

3.80 170 6.05 | 
3.85 165 6.10 

3.90 161 6.15 

3.95 156 6.20 | 
4.00 152 6.25 | 
4.05 148 6.30 

4.10 145 6.35 

4.15 141 | 6.40 

4.20 | 6.45 


134 167 | 201 
131 164 | 197 
128 1460 | 192 
13. | ws 187 
122 153 183 
119 149 | 179 
TE. aoe: 
| ee | te 
111 139 | 167 
108 136 163 
106 133 159 
104 130 156 
127 152 
124 149 
122 146 
119 143 
117 140 
114 137 
112 134 
109 | 131 
107 128 
105 126 
123 
121 
118 
116 
114 
111 
109 
107 
105 
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Diameter of Ball 10 Millimeters. 
Impression Diameters to 0.05 MM. 


From INDENTATION HARDNESS TESTING by Vincent E. Lysaght; published by Reinhold Publishing Corp., 1949 
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Let them show you what they 
discovered that helped them build 
extra wear resistance into these 
machine parts. 


Sometimes abrasion is so severe 
that nothing you try seems to work. 


That’s how it was with the midget 
Jordan machine Republic uses to 
process asbestos for antibiotic fil- 
ters. The sleeves that protect the 
shaft against the abrasive asbestos 
lasted only 15 months. Then, just 
over a year ago, they discovered 
Cast “S”® Monel . . . learned what 
it does to combat abrasion. 


This picture, taken when the 
Jordan was stripped just recently, 
shows part of what happened as a 
result of their change to “S” Monel. 
Look first at the left end of the part. 


Checking Wear of “S” Monel sleeves after one year of service in midget Jordan process- 
ing abrasive raw asbestos. Appearance of centrifugally-cast, 34-inch O.D., “S” Monel 








sleeves indicate that they will outlast previous type of sleeves approximately 10 to 1. 


“We're getting, if says Republic Seitz Filter Corp., 
“ten times as much service from these...sleeves.” 


It rests on the centrifugally-cast “S” 
Monel intake sleeve. Can you see 
any wear? 

How about the outlet sleeve ... 
near the front of the picture? There 
is more pressure there, and even 
though the sleeve is“S” Monel,some 
scoring does show ... but you can 
see, also, why Republic’s engineers 
are enthusiastic... why they expect 
“ten times as much service” from 
their “S” Monel sleeves. 


Formerly, wear was so severe they 
had to repack the glands once a 
week. But last year, with “S” Monel 
sleeves, they packed glands only six 
times. “In labor saving, alone,” says 
a Republic official, “we have al- 


Inco Castings... 


ready gotten back the price of the 
‘S’ Monel sleeves.” 


A quick return on an “S” Monel 
investment is no novelty. It happens 
often. It can happen to you... for 
Inco Cast “S” Monel gives you in 
full measure a superior combina- 
tion of resistance to abrasion and 
corrosion .. . at high temperatures 
as well as low. It’s heat-treatable. It’s 
non-magnetic. It’s cast to last. “Cast 
to Last,” by the way, is the title of 
a new folder on Inco Nickel Alloy 
Castings that could be useful to you. 
We'll be glad to send it to you if 
you write: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


A 
INCO 


Sand, Centrifugal, Precision 


For more information, turn to Reader Service Card, Circle No. 490 
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A large automotive parts manufacturer “‘pack- 
carburizes” drive pinions in pots conveyed 
two On a tray through a gas-fired furnace where 
temperatures range up to 1700°F. Previous 
designs of the furnace tray cracked, warped 
and scaled quickly, with average service life 
limited between 100 and 600 hours. 

This manufacturer asked Electro-Alloys en- 
gineers how service life of these trays could 
be extended. Electro-Alloys designed a new 
furnace tray...cast it in a grade of heat- 
resistant Thermalloy best suited for long car- 
burizing service. Two years ago, these 
Thermalloy trays were installed. Today, with 
over 10,000 service hours each, they are still 
in use. 

Thermalloy is not one alloy but a group of 





THERMALLOY* 
FURNACE TRAYS 


...in service over 10,000 hours! 


alloys—each developed to meet specific high- 
temperature operating conditions. Electro- 
Alloys produces many types of high heat- 
resistant Thermalloy castings such as muffles, 
retorts, trays, fixtures, baskets, rollers. In 
many cases too, Electro-Alloys engineers can 
help you redesign your heat-treating parts in 
Thermalloy to give more operating hours per 
dollar. Call your nearest Electro-Alloys rep- 
resentative for full information or write 
Electro-Alloys Division, 4001 Taylor Street, 
Elyria, Ohio. 


Write for new Thermalloy Tray and 
Fixture Bulletin T-226. 


*Reg. U. S. Pat. Off. 
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New Beryllium-Copper Alloy 





New Engineering Materials 


_.. and Equipment for Their Processing 


a 


Beryldur, cold rolled in strip form, is now being produced on a commercial scale. 


Combines High Strength With High Conductivity 


A beryllium-copper alloy which unites 
gh strength and hardness values with 
ughness and good electrical conductivity 
now completed field testing and is 
ing produced by the Beryllium Corp.. 
Reading, Pa. According to the company, 
Beryldur, a low content alloy containing 
nly 1% beryllium which is midway be- 
tween the amounts contained in the high 
strength and the high conductivity groups, 
ills the gap of property ranges existing 
between these two basic g’oups of the 
beryllium-copper family. 


Standard Beryllinm-Copper Alloys—The 
addition of beryllim to copper produces 
an age hardening alloy which can be rolled, 
drawn, stamped, cupped, spun, or other- 
wise worked in the soft or annealed con- 
dition. Then by a simple low tempera- 
ture heat treatment the alloy can be given 
a high degree of hardness and tensile 
strength. The standard beryllium-copper 
alloys generally contain from 0.3 to 2.75% 
beryllium, with the higher content alloys 
containing the higher strength properties 
while the lower contain the higher con- 


ductivity. Their generally good fluidity 
enables them to reproduce intricate detail 
in sand, plaster, investment, and pressure 
castings. The corrosion resistance of the 
alloys also makes them valuable for out- 
door and marine use. 

General Applications—As one general 
application for the new alloy, the manu 
facturer views Beryldur as a potential rival 
of bronzes and brasses. Its excellent forma- 
bility in the heat-treatable temper gives 
it one of its major advantages over other 
copper base alloys, and classed as a wrought 
alloy, it carries a lower price than others 
in this group with higher beryllium con- 
tent. Applications of Beryldur are pre- 
dicted for the electro-mechancial field, 
especially in the manufacture of springs 
and switches. 

The alloy is produced in only two 
tempers: Heat-treatable and mill-hardened. 
The former is desirable where severe 
forming is needed or where peak physical 
properties of the alloy are essential. The 
mill-hardened Beryldur requires no heat 
treatment of finished parts. At present the 
company is producing the new alloy in 
strip form only; however, it will soon be 
ivailable as wire or rod. 





New beryllium-copper alloy strip is show- 


ing successful results in electro-mechanical 


applications. 





New Clear Synthetic Finish 


Exceptional clarity and high chemical 
resistance are said to be two features of 
4 new synthetic baking type finish mark- 
eted by Maas & Waldstein Co., 2130 Mc- 
Carter Highway, Newark, N. J. Almost 


Watcr-white in color, Durachem is specif- 
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ically formulated to provide surface pro- 
tection for silver, brass, nickel and other 
metals without changing their natural 
color or luster. It is said to have good 
resistance to salt spray and perspiration, 
and will not yellow after prolonged ex- 


posure to sunlight or high temperatures. 

Typical applications for the finish are 
said to include builders’ hardware, cos- 
metic cases, pen caps and similar meta! 
parts. For decorative purposes, Durachem 
can also be supplied in a variety of colors. 
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Glass-reinforced polyester boat is freed 
more easily from its male and female mold 
by CD Mold Release B-2. 


Two Mold Release Agents Will Aid Plastics Manufacturers 


CD Mold Release B-2 Supplied as a 
paste, this material has been developed as 
a mold release for polyester, epoxy, and 
other plastics by the Chemical Develop- 
ment Corp., Danvers, Mass. It is intended 
for use primarily on porous or semi- 
porous molds, including wood, polyester, 
plaster of paris, aluminum, and _ similar 
materials. 

The release agent can be applied with 
a cloth or brush and can be rubbed down 
to a thin coating which is practically in- 
visible. According to the company, it is 
insoluble in the resin and will not inter- 
fere with the proper cure of the plastic 
itself. Because it is quick drying, a fast 
molding cycle is possible. It has a high 
flash point, eliminating the need for red 
labels during shipment or storage, and due 


to its high heat resistance it will not , 
or sag under high temperature co lition 

H-561-B Furane Plastics, 1) aT 
Angeles, has developed a relea agent 
particularly suited for use with epoxy 
resins, which are noted for their outstand 
ing ability to bond metals, ceramics. ap 
glass. According to the company, use of 
their H-561-B agent enables epoxy |am; 
nates and castings to be removed readjh 
from metal and plaster molds. 

The company says that for optimun 
results, plaster molds should first by 
hardened and sealed with a furane resi; 
impregnating agent of theirs called Plas 
preg before application of the releas 
agent. The epoxy resin may be applied 
to the H-561-B coated mold within a fey 
minutes after the mold has been treated 





New Silicone Pressure Sensitive Adhesive Material 


Although most silicone products are so 
nonreactive that they make unusually effec- 
tive release agents, two new compounds 
have been developed which are notable 
among adhesives for the tenacity with 
which they will stick to a wide variety 
of surfaces at varying temperatures. 

Developed by Dow Corning Corp., Mid- 
land, Mich., and known as Dow Corning 
XC-269 and XC-271, the materials are 
essentially solvent solutions of silicone 
materials, since, according to the com- 
pany, they cannot technically be classified 
as glues or adhesives because they do not 
form a hard or brittle bond. Instead, they 
remain pliable and retain their adhesive 
strength even after long exposure to tem- 
peratures ranging from —65 to 480 F. 

Adhesive Properties—At room tempera- 
ture the adhesive properties of the two 
new materials compare favorably with 
those of organic adhesives; at higher or 
lower temperatures, however, they are 
superior in that their adhesive strength 
increases with the increase or decrease of 
temperature. In addition to their thermal 
stability, Dow Corning XC-269 and XC- 
271 possess excellent dielectric properties 
and good resistance to moisture, weather- 
ing and aging. 

According to the company, the new com- 
pounds give excellent adhesion to such ma- 
terials as metals, glass, paper fabrics, and 


plastics including polyethylene or poly- 
ester films. They adhere well to such “ad- 
hesive’’ materials as silicone rubber, si- 
licone treated paper, fluorocarbon plastics, 
and various silicone laminates. They will 
also adhere well to most surfaces when 
applied under water. It is anticipated that 
the properties of these materials will en- 
able manufacturers of pressure sensitive 
tapes to produce tapes for applications 
much too severe for other adhesive mate- 
rials. 

Method of Application—Dow Corning 
XC-269 and XC-271 are supplied at 40% 
silicone solids in xylene, at a viscosity 
suitable for knife coating. For spray or 
dip applications, they may be thinned with 
suitable solvents as shown in the table 
below. In any application of the mate- 
rials, regardless of method of application, 
the solvent should be removed by air dry- 
ing or heating 15 to 30 min at 158 to 
212 F. When only adhesion is required, 
no further treatment is necessary. When 
the materials must exhibit pressure sensi- 
tive characteristics and must not give co- 
hesive failure, the coated material must 
be given an additional short cure: For 
XC-269, a 5 min bake at 482 F; for 
XC-271, a 5 min bake at about 300 F. 

The new silicone materials are not 
recommended for applications involving 
exposure to high concentrations of solvent 






vapors or oils. In addition they offer n 
particular advantage in the preparation 
normal masking tapes, and can cause diff 
culty in painting over surfaces from whic! 
the tape is removed unless the surface is 
thoroughly cleaned with solvent first 


Physical Properties 


Solids Content, % 40 
Viscosity at 25 C, Centipoises 1000-300 
Flash Point, F 60-75 
Weight Loss, %, 3 hr at 480 F_ 8 
Specific Gravity 0.94 
Shipping Weight, Lbs Per Gal 7.5 
Shelf Life, Months: XC-269 6 
XC-271 3 
Solvent Xylene 
Thinners Heptane. xylene, 


toluene or other 
aromatic hydro- 
carbon solvents 


Typical Properties of Cured Adhesive- 


Color Water white 
Density 1.04 
Dielectric Strength, Volts Per Mil* 600 
Dielectric Constant at 10° cycles 2.8 
Power Factor at 10° cycles 0.005 


Surface Resistivity, Megohms, 

after 4 days at 100% 

relative humidity 2000 

* Measured on 3 mil films, cured 0° 
aluminum panels and tested with 1/4 inch 
electrodes. 
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Fytruded Polyvinyl Chloride Pipe Has 


Products Corp., 10225 
Cleveland, has started the 


TI Carlon 
Meech Ave., 
sroduction of rigid, unplasticized poly 
invl chloride pipe in a range of sizes 
apable of withstanding maximum work- 
ag pressures ranging from 195 to 500 psi 

Extruded Carlon ““V" pipe utilizes the 

rties of the polyvinyl chloride in 
that it has exceptional resistance to a wide 
range of organic and inorganic chemicals, 
ind is practically unaffected by all min- 
eral acids, bases and salts, chlorine, oil, 
grease, gasoline, alcohol and carbon tet- 

4 hloride 


Weighing about 1/5 as much as steel 
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Good Chemical Resistance 


and about 1/2 as much as aluminum 


pipe the relatively high — structural 
strength and dimensional stability of the 
pipe, together with its toughness make it 
suitable for numerous applications where 
chemical, atmospheric and electrolytic con- 
ditions create maximum maintenance costs 
in the use of metal pipe. High dielectric 
strength, low water absorption and non- 
flammable characteristics make it useful as 
an electrical insulator and for conduits 

The Carlon “V" pipe is available to 
industry in two types: 1) A medium im- 
pact pipe with high chemical resistance, 
or 2) a high impact type pipe with a 
sacrifice in chemical resistance. 








Plastic pipe weighs about 1/2 as much as 


aluminum. 





Tweezers Add Versatility to Soldering Machine 


The 250 w AN Connector Soldering 
Machine produced by Joyal Products, Inc., 
Edison Pl.. Newark. N. 18 is now 
g made with solde-ing, tweezers as 
vell as the regular soldering electrodes 
greatly increasing the machine's versatility 
for the soldering of small parts on a pro- 
luction basis. 
The tweezers are air-cooled, permitting 
tinuous use; they have glass fiber insu- 
and the replaceable electrodes can 
be shaped to fit any type of operation. 
[he average life of the electrodes under 
ontinuing use is estimated at about three 


months. 

The fixed electrodes can solder more 
than 30 terminals on AN Connectors. 
They can also be used on terminal boards, 
on printed circuits with high temperature 
solder that can not be handled with a 
soldering iron, and for solder crimped 
lugs, to government specifications. 

To operate the fixed electrodes, the op- 
erator sets the heat and the solder, brings 
the work to the electrodes and presses 
the foot switch. The electrodes can reach 
into tiny areas where regular soldering 
iron cannot penetrate. 





Air-cooled tweezers simplify production 
soldering of small parts. 





Cobalt Alloy Sheet Cold-Rolled to 0.0005 Inch Thickness 


Haynes Alloy No. 25 (L605) sheet is 
now being cold rolled to a thickness of 
0.0005 in. by Metals & Controls Corp., 
General Plate Div., Attleboro. Mass. 

he cobalt base alloy has high strength 
an hardness combined with excellent cor- 
rosion resistance at temperatures up to 
1500 to 2000 F. The cold working of the 
alloy results in hardnesses as high as 55 
Rockwell C, while the accompanying ulti- 
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mate strength is about 322,000 psi and 
tne elongation is about 2%. This results 
from 50% cold reduction followed by an 
aging heat treatment. 

At 20% reduction and no subsequent 
aging, the alloy las an ultimate strength 
of 192,000 psi, yield of 163,000 psi, an 
elongation of 27%, and a hardness of 44 
Rockwell C. 

According to the company, various ap- 


plications for the alloy include stem pads 
on valves handling super-heated steam, 
deflectors to prevent hot spots in aircraft 
jet engines, thin spring blades for high- 
temperature switching devices, diaphragms, 
rupture discs, and industrial knives. 

The Haynes Stellite Multimet (N155), 
Hastelloy ““B’, and Hastelloy “C” Alloys 
are available in a cold-worked condition 
in thicknesses from 0.125 to 0.0005 in. 
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Metals, Resins, and Pigments Join in Self-Lubricated Bearing Materia 


A new self-lubri ting etal w 

uid tO have exceptional! bearing strengt! 
has been developed by Booker-Cof pel 
DT 8387 Melrose Pl., Los Angeles 

The new material Is a combination ot 


netal particles, both ferrous and non 


The ratio of lubricative pigments to metal 
can be controlled to meet specific bearing 
requirements in this self-lubricating ma- 


terial. 


cative pigments all locked g 
that metal is fused to metal, the: 
locked into a solid mass with 
pigment to permit permanent lul 
and to gain high bearing strengt 
ratio of lubricative pigment to n 
be controlled to meet the requir 


specific bearing pressures. 

The metal may be used dry or 
junction with oil, and the company 
that the lubricating qualities affo: 
manent lubrication for the life of 
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Two New Resin Finishes Protect Ferrous Metals 


The Parker Rust Proof Co., Milwaukee 
Ave., Detroit, has marketed two new pig- 
mented phenolic resin finishes for use ovet 


their Parco Compound. According to the 


company, their research laboratories have 


proven the two finishes on iron and steel 
pieces of many sizes and shapes. 
Parcolac 101 Black is said to produce 
an intense black color, while Parcolac 102 
Aluminum creates an even, light gray 


finish which looks like aluminum plating 
The manufacturer states that both pr 
ucts have high corrosion resistance 
ished pieces having withstood 100 hi 
spray exposure. 





Free Machining Tool Steels 


High alloy tool steels, including high 
speed steels which contain free machining 
additives are now available from the 
Vanadium-Alloys Steel Co., Latrobe, Pa 
According to the company, experience 
gained in the manufacture and control of 
their Speed-Cut tool steel has enabled 
them to market for test purposes, high 
speed steels with free machining char- 
acteristics. , 


While the effect of free machining 
additives on the tensile strength, in:pact 
strength, etc., of steels is well known, the 
effect on edge strength of cutting tools 
has yet to be determined. Where edge 
Strength is most important to cutting 
efficiency, extensive testing will be neces 
sary to determine where such steels can 
be best applied. the company says. 

They believe that their FM series of 


4y 


high speed steels will probably bi 
employed for use on tools which cant 
be ground and where a smooth fh 
from machining is essential. Typical 
amples would be unground form 

and hobs. 

Since higher machining speeds ca 
used, savings in production costs can 
expected on any tools where such steels 
can be made applicable. 








Two new types of non-leafing alumi- 
num pastes have been developed for use 
in protective and decorative coatings. De- 
veloped by Metals Disintegrating Co., Inc., 
Elizabeth B, N. J., MD 584 and MD 784 
are non-leafing in that though they carry 
a grease film, it is of such a nature that 
the flake will neither leaf nor flow when it 
is formulated in a paint or other finish. 
This property makes possible the uniform 


Non-Leafing Aluminum Pigments for Metallic-Appearing Paints 


dispersion of the pigment throughout the 
paint film and yields the characteristic 
metallic appearance, the company states. 
In finishes of this type, the color is 
further accentuated by a high contrast or 
“flop” in the appearance of the film when 
viewed from various directions. The pig- 
ments provide increased durability of fin- 
ish due to the presence of metal particles 
which reflect deteriorating light rays. The 
pigments are said to disperse easily and 





quickly in finish formulations due to the 
non-leafing characteristic and uniform pat 
ticle size distribution. 

The MD 584 Non-Leafing Aluminum 
Paste, Standard Lining Grade, is recom- 
mended for improving the appearance and 
workability of “metallic” finishes for au: 
tomotive or industrial uses while the MD 
784, Fine Lining Grade, has been devel: 
oped specifically for hammer finishes and 
metallic enamels. 








(Continued on page 154) 


MATERIALS & METHODS 


MAKE A TON OF SHEET STi 






for 


Longer Life 


through 


Photographs show effects of atmospheric corrosion after six years’ exposure 
of unprotected surfaces. 


Low carbon sheet steel showing friable heavy rust. 
Low carbon sheet steel with rust removed showing heavy pitting. 


l 
2. 
. : ; ; 
Corrosion 3. N-A-X HIGH-TENSILE sheet steel showing tightly adhering rust. 
4. 


N-A-X HIGH-TENSILE sheet steel with rust removed showing absence of exces- 


sive pitting. 


Resistance 


N-A-X HIGH-TENSILE, having 50% greater strength than mild 
carbon steel, permits the use of thinner sections—resulting 
in lighter weight of products. It is a low-alloy steel—possess- 
ing much greater resistance to corrosion than mild carbon 








steel, with either painted or unpainted surfaces. Combined 
with this characteristic, it has high fatigue and toughness 
values at normal and sub-zero temperatures and the abrasion 
resistance of a medium high carbon steel—resulting in longer 
life of products. 


N-A-X HIGH-TENSILE, with its higher physical properties, can 
be readily formed into the most difficult stamped shapes, 
and its response to welding, by any method, is excellent. 


fEd 


Low carbon sheet steel lost four times more weight than N-A-X HIGH-TENSILE 
in six-year test. With increased time this ratio becomes greater. 


Due to its inherently fine grain and higher hardness, it can 
be ground and polished to a high degree of lustre at lower 
cost than can mild carbon steel. 


Your product can be made lighter in weight . . . to last 
longer . . . and in some cases be manufactured more eco- 
nomically, when made of N-A-X HIGH-TENSILE steel. 


GREAT LAKES STEEL CORPORATION 


N-A-X Alloy Division 








Ecorse, Detroit 29, Michigan 


CORPORATION 









KEEP YOUR SCRAP MOVING TO YOUR DEALER 


For more information, turn to Reader Service Card, Circle No. 469 
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With new compounds being developed almost weekly by manufac- 
turers of basic polymers, today's Silicone rubber molded parts are 


performing faultlessly in vital applications where Silicone of less than 


a year ago could not be considered. 


Remaining resilient at extreme temperatures (—100°F to +500F°) 
today's Silicone stocks have greatly increased tensile strength, far better 
compression set results, and other vastly improved properties such as — 
excellent stability after long exposure to ultra-violet rays, prolonged 
weathering, fungus growth, many oils and a variety of chemicals, They 


also have excellent dielectic properties and water repellency. They 


~REMAINS RESILIENT ~ «ai 
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bond well to metal, and are stainless and odorless. 


Acushnet's Silicone rubber seals, gaskets, “O” rings, packings, dia- 


phragms and numerous other parts are custom engineered to meet the 


PROCESS COMPANY 


Address all communications to 750 Belleville Ave., New Bedford, Mass. 


toughest specifications. 


Send for the Acushnet Rubber Handbook, 


o@ comprehensive rubber data reference. 





For more information, turn to Reader Service Card, Circle No. 438 
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Auiomatic Plating Machine 
Operates on Novel Principle 


The fully automatic electroplating ma 
chine designed by Wagner Bros. Equip 
ment Co., Inc., Detroit, incorporates 
new approach to plating transfer machin 
in that no elevating superstructure 
transfer cams, no chains or sprockets and 
no hydraulic fittings are positioned ab 
the tanks. 

The transfer and conveying princip| 
around which the machine is built has but 
two reciprocating movements, longitudinal 
and vertical. All working parts are mount 
ed on a central carriage which moves on 
a single track and is actuated by an hy 
draulic cylinder. Basically this supplies 
the horizontal motion to the work throug 
the cleaning and plating tanks and d 
oven which surround the carriage 

A shaft running the length of the car 
riage, near its top, is fitted with gears 
which are meshed to racks on the work 
lifting arms. This assembly provides th 
vertical motion which lifts and lowers 
the work out of and into the tanks. Syn 
chronizing the movement of the lifting 
arms with the horizontal movement of the 
carriage on which the arms are mounted 
provides the complete transfer of work 
from the loading station, through all op- 
erations back to the loading station for 
removal. 

Low Power Requirement—As the lifting 
arm racks are meshed with the central 
shaft gears on opposite sides, the arms on 
one side are raised while those on the 
opposite side are being lowered. This fea 
ture not only allows a simple mechanical 
operation, but it balances the load of 
lifting the work so that it requires only 
25 to 50% of the power required for any 
comparable automatic plating machine, the 
company says. 

In operation, the plating baskets of 
racks are hooked to work carriers which 
are independent of the transfer mechan- 
ism. These carriers rest on two cathode 
rails, giving double contact and assuring 
constant current supply to the work. 


(Continued on page 157) 
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RESSURE TIGHTNESS, of course, requires DEN- 
SITY,—and density can be achieved only by 
close control of each and every step in casting 
manufacture;—from charging floor to shipping 
platform. Meehanite foundries have long been noted 
for the QUALITY of their product, a result of their 
use of Meehanite process controls;—controls which 
result in uniform—dense—better property castings. 
PROOF of this is found in the important applica- 
tions of Meehanite castings made by the National 


Views of Control Panel Valve Bodies, Pressures Up to 1500 p.s.i. 


NATCO—C4A Multiple 
Drilling, Boring, Facing and 
Tapping Machine 


Automatic Tool Co., Inc., Richmond, Indiana, in 
hydraulic control valve bodies. These units are the 
heart of the operating mechanism of their line of 
NATCO Drilling, Boring, Facing and Tapping Ma- 
chines. The castings and the machine tool are 
illustrated. 

Write for Bulletin #10—Meehanite, The Metal 
For Pressure Castings. It may give you an idea that 
will lead to the solution of one of your problems. 


Only a MEEHANITE Foundry Can Make MEEHANITE Castings 


American Brake Shoe Co. ° » « « « Mahweh, New Jersey 
The American Laundry Machinery “Co. Rochester, New York 
Atlas Foundry Co. . . . ss: e ae Detroit, Michigan 
Banner Iron Works . . 64 7 ae St. Lovis, Missouri 
—— Foundry & Machine Co. ; Irvington and Dover, New Jersey 

Bliss Co. : * «8 * Hastings, Mich. and Toledo, O. 
Sotldors tron Foundry . . « «© « « Providence, Rhode Island 
Geeeeme- pee. «6 ¢ 0 «4-4 @ «© © ».« . Compton, Calif. 
Continental Gin Co. " ° Birmingham, Alabama 
Crawford & Doherty Foundry ¢ Co. ‘ Portland, Oregon 
The Cooper-Bessemer Corp. s 2 R Vernon, Ohio ‘ond Grove City, Pa. 
M. H. Detrick Co. . . o4. -@ . Newark, N. J. and Peoria, Ill. 
Empire Pattern & Foundry Co. ot + « « « Tulsa, Oklahoma 
Farrel-Birmingham Co., Inc. . . Ansonia, Connecticut 
Florence Pipe Foundry & Machine Co. Florence, New Jersey 
Fulton Foundry & Machine Co., Inc. « « « Cleveland, Ohio 
General Foundry & Manufacturing Co. - Flint, Michigan 
Greenlee Foundry Co. « « « Chicago, Illinois 
The Hamilton Foundry & Machine Co. - « « Hamilton, Ohio 


23 


Hardinge Company, Inc. . . « « New York, New York 
Hardinge Manufacturing Co. ° « - York, Pennsylvania 


Johnstone Foundries, Inc. . « « « « « Grove City, Pennsylvania 
Kanawha Manufacturing Co. . ‘ Charleston, West Virginia 
Koehring Co. . 6 © «© 6 6 8 ele lf eEES, Wieeensn 
Lincoln Foundry Corp. » « « « « bos Angeles, California 
London Concrete Machinery Co. ’ “Ltd. (Hartley Fdry.) Brantford, Ontario 


E. Long Ltd. ee a ee ee Ul 
Otis Elevator Co., Lid. . ‘ oe Se 8 bn en a: es re 
Palmyra Foundry Co., Inc. e 4 . . «+ Palmyra, New Jersey 
The Henry Perkins ag e a és ale . Bridgewater, Massachusetts 


. « Buffalo, New York 
- «+ Menominee, Mich. 


Pohiman Foundry Co., ‘+ 
The Prescott Co. . aor . 
Rosedale Foundry ~. Machine Co. . « Pittsburgh, Pennsylvania 
Ross-Meehan Foundries. . . . - Chattanooga, Tennessee 
Shenango-Penn Mold Co. . . « « © « «© « « « « Dover, Ohio 


Sonith Industries, Inc. . . Indianapolis, Ind. 
Standard Foundry Co. . . a ar Worcester, Massachusetts 
The Stearns-Roger Manufacturing Co. és eo ee Denver, Colorado 
Traylor Engineering & Mfg. Co. . . « «. « « Allentown, Pennsylvania 
Valley Iron Works, Inc. . . - « « « « St. Paul, Minnesota 
Warren Foundry & Pipe Corporation ° - Phillipsburg, New Jersey 


"This advertisement sponsored by foundries listed above."’ 


EEHANITE. 


714 North Avenue 
NEW ROCHELLE, N. Y. 








For more information, turn to Reader Service Card, Circle No. 503 
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Picture shows how oil that forms sludge can clog cooler. Sun Quenching Oil's natural detergency helps prevent such sludge formation, 


Oil Coolers Dont Clog with 


A New England firm uses five 2400-3000 gallon 
systems to quench all types and sizes of aircraft and 
automotive forgings. Since Sun oil was adopted 7 
years ago, not one system has required cleaning 
except for normal removal of mill scale. 


Sun Quenching Oils keep oil coolers clean. Teardowns 
are fewer and maintenance costs less. This is because 
Sun oils have a natural detergent action that prevents 
the formation of sludge and aids in removing any 
deposits that exist. 


Can Handle 95% of All Quenching Jobs 

Tests show that Sun Quenching Oils give better all- 
around results. For one thing, they assure hardnesses 
far above the commonly accepted minimum require: 
ments. In any system that provides normal agitation, 
they can handle 95 per cent of all quenching jobs 


* 
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i) Sun Quenching Oil 


Sun Quenching Oils Reduce Operating Costs 
Sun oils thin out when heated, drain off parts faster 
and more completely. Dragout is reduced to a mini- 
mum. They do not thicken up, and under normal 
operating conditions need never be replaced. For more 
information about Sun Quenching Oils, call your 
nearest Sun office or write to Sun Om. COMPANY, 
Philadelphia 3, Pa., Dept. ML-12. 


INDUSTRIAL PRODUCTS DEPARTMENT ‘SUNOCO: 
SUN OIL COMPANY - 


PHILADELPHIA 3, PA. ® SUN OIL COMPANY LTD., TORONTO & MONTREAL 


For more information, turn to Reader Service Card, Circle No. 367 
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When the machine is set in motion, lift 
ing arms lower at the loading station, the 
carriage moves to the left and pads on the 
lifting arms engage the work carriers 
[he arms raise, lifting the work, the car- 
riage moves to the right a preset distance 
and the arms lower the work into the 
cleaning tank. While work is being moved 
on one side of the machine the arms on 
the other side are returning to their 
pickup position. 

Simultaneously work has been lifted out 
of the cleaning tanks, pickling tank, and 
plating tank all along one side of the 
machine and redeposited in the next suc- 
ceeding tank. Where the work is to re- 
main for a period as in cleaning or plat- 
ing tanks, the carrier remains on the 
cathode rails and is moved along by push- 
ers, actuated by the reciprocating central 
carriage. Where no current i$ required, 
as for cleaning tanks, the rails are not 
electrified. 

Basic power is supplied by a single 
electric motor and hydraulic pump, which 
with the control panel may be located at 
any convenient point. Maintenance of the 
machine is simplified by the fact that all 
working parts are -located between and 
higher than the tanks. Two sets of con- 
trols afford flexibility for adjustment of 
timing of all, or part of the complete 
operation. 


Chill Unit for Production 
Heat Treating 


A low temperature chilling machine 
designed for production chilling of ball 
and roller bearings for stabilization has 
been marketed by Sub-Zero Products Co., 
Cincinnati; Ohio. The unit is factory ad- 
justed-to-operate at —120 F and can be 
operated at -150 F. It has a capacity of 
22 cu ft and a thermal capacity of 4000 
Btu-per hr. 

Intended for incorporation into heat 
treat production lines, the unit receives 
the bearing parts in a basket from an oil 
quench by means of a mechanical lift. The 
unit is filled with. a convection fluid, 
Freon 11, to gain rapid heat transfer and 
cooling. A twin-blade agitator is mounted 
in the corner of the chamber to drive the 
Freon 11 down a draft tube, through a 
manifold and up through the perforated 
bottom of the basket of parts. This foréed 
convection cooling is said to permit the 
cooling of 170 lb of steel an hour from 
80 down to —120 F. 

The chilling chamber, which is  38tby 
32 by 36 in. deep, is built of 7 gage 
steel for strength and safety. Outside di- 
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Hardness Testers © 


ACCO)} 


products 


NOW FOR ONLY 


$550 


(less accessories, 
F. O. B. Bridgeport) 


you can get this 


J-MODEL 
WILSON ; 














“Rockwell”’ 


The Best...Costs less...to Use 


@ When you use WILSON “‘ Rockweill’’ Hardness Testers to check 
your products during various stages of manufacture, you will be 
sure. You will prevent costly complaints from your customers. 
The long experience of WILSON’S Standardizing Laboratory en- 





gineers is your assurance of top quality and accuracy in the 
‘**Rockwell’’ Testers you buy. 


Six lmportant Features 


1 Totally enclosed, dirt and dust-proof ‘“‘Zerominder’’ dial 
i gauge 

















2 Gripsel clamp screw for quick change and proper seating 
of penetrator 


3 All controls grouped conveniently 
4 Enclosed, easy-to-reach variable speed dash pot 


5 Stainless steel elevating screw | 


| 6 Standardized weights 


|| WILSON Makes a Complete Line 


There are two types of WILSON ‘‘ Rockwell’ Hardness Testers 
..- Regular and Superficial. They come in many styles with 
accessories for testing flats, rods, rounds, and odd 
shapes. For micro-indentation hardness 
testing, there is the WILSON TUKON. 


Write for information and let 






WILSON 










us make recommendations 
*Trade Mark Registered 










“ROCKWELL” 
and TUKON 
Hardness 
Testers 


. WILSON MECHANICAL INSTRUMENT DIVISION 
_ AMERICAN CHAIN & CABLE 


230-E Park Avenue, New York 17, N. Y. 








For more information, turn to Reader Service Card, Circle No. 478 
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mensions of the unit are 84 by 6] 
in. high 
According to 


sign of the unit prevents condensation g 


“ 
and 


the manufacturers. 


assures a dry exterior cabinet in ar 
mate. 
open in any position, leaving both hands 
of the operator free. 


y Cil 


The lid is counter-balanced to stay 


Two Glues for Plywood and 
Furniture Industries 


Two new liquid urea resin adhesives 
with high solid contents have been de- 
veloped for the plywood and furniture 
industries by Monsanto Chemical Co.'s, 
Plastic Div., Springfield, Mass. 

According to the company the high 
rate of reactivity, particularly in hot press 
operations, is the main advantage in the 
use of Lauxite UF-101A and Lauxite UF- 
112 which contain 60 and 65% solids 
respectively. Due to this high rate of re- 
activity, production increases of approxi- 
mately 25% have been obtained with the 
use of the glues, the company says. ) | 

Lauxite ureas are especially recommend- 
ed for use with Lauxite MF-300 mela- 
mine resin adhesive in urea-melamine 
combinations. To such mixtures they are 
impart improved durability as 





said to 


measured by boil resistance. 





Amplimeter Shows Roughness in 
RMS or Arithmetical Average 


Amplimeter, an intrument designed for 
use with all Profilometer equipment 's 
now available and will show either the 
rms or arithmetical average roughness 
height, in microinches, of a metal sample. 
Either scale may be selected by adjusting 
a switch on the panel. 


(Continued on page 160) 
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You rT e If you make tool steel parts with machined-out centers, don’t 
> & - Zi y overlook the many benefits of using Crucible Hollow Tool 
missing something Steel. 
s It eliminates drilling, boring, cutting-off and rough facing 
if you overlook operations. Naturally, this cuts overall production time, steps 

up machine capacity and reduces scrap losses. Many manu- 

facturers have been able to cut material costs alone by as 


CRUCIBLE much as 20% when they use Crucible Hollow Tool Steel 
instead of regular bar stock. 

Crucible Hollow Tool Steel is available in three famous 

HOLLOW TOOL STEEL grades: KeTos oil hardening, Arrp1 150 air hardening, and 

SANDERSON water hardening tool steels. We supply it with 

machine finished inside and outside diameters and faces — 

cut to your specific length requirements. And no steel pro- 













ducer can assure you of more uniform quality. For we have 
complete control over every phase of manufacture and distri- 
bution. 

For more information, call the Crucible warehouse nearest 
you...or write for new brochure describing Crucible Hollow 
Tool Steel. Address Crucible Steel Company of America, 
Dept. MM, Oliver Bldg., Pittsburgh 22, Pa. 


CRUCIBLE first name in special purpose steels 
58 yoau of Fie steelmaking HOLLOW TOOL STEEL 


JCIBLE STEEL COMPANY OF AMERICA + TOOL STEEL SALES + SYRACUSE, N. Y. 
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STACKPOLE 
SG Series SILVER GRAPHITE FORMULAS 
for longer life plus greatly improved contact drop 


30%. bagdae than conventional silver- -gra- 

: | €s contact materials, Stackpole 
a y prolongs contact life under 
ye ee Better contact drop is 












® circuit 
equipment 

~Seackpelee CW series silver-tungsten con- 

tacts have permitted substantial increases 
in amperage rating while making it entirely 
practical to reduce the size of equipment. On 
especially difficult applications, one of these 
units operating against a Stackpole silver- 
graphite contact (see above) Jrovides truly 
outstanding efficiency. 


FOR HELPFUL DATA ON CONTACT SELECTION AND 
USE . . . write for 36-page Stackpole Catalog 12 


Stackpole Carbon Company, St. Marys, Pa. 





Stackpole contact types include: SILVER GRAPHITE; SILVER LEAD OXIDE; SILVER 
NICKEL; SILVER MOLYBDENUM; SILVER TUNGSTEN; COPPER GRAPHITE; SILVER- 
COPPER GRAPHITE; GOLD-GRAPHITE; SILVER IRON OXIDE and many special grades 


For more information, turn to Reader Service Card, Circle No. 404 
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Designed and manufactured by t Vi 
metrical Mfe. Co., Ann Arbor. M 
[Type QA Amplimeter 1s design: 


in production departments, is 

and is said to conform to the | 

new ASA Standard B46.1 as reg 
technical details. It is not sensit 
mechanical shock or vibration, ha 

sec warm-up, and the company stat 

it is not affected by normal tem; 
changes or line voltage fluctuations fro; 
90 to 130 v. It has no sensitivity adjust 
ment, and no calibration is required of ¢| 


operator. The accuracy of the instrument 
can be checked by tracing a rated roug 


ness specimen furnished as standard equi 
ment. 

The unit includes a high-stability indus. 
trial type electronic amplifier enclosed ip 
a dust-tight metal case. A panel at the 
front carries a direct-reading microinch 
meter with illuminated dial, a switch for 
selecting rms or arithmetical readings, and 
a range selector switch. The latter pr 
vides a choice of six measurement ranges 

0 to 3, 10, 30, 100, 300, or 100 
microinches—permitting surfaces of less 
than one microinch to be measured 
well as surfaces of about 1000 micr 
inches. 

A storage compartment in the top holds 
the Tracer cable and other equipment, an 
the hinged compartment cover has 2 tre 
cessed latch and carrying handle. Over- 
all dimensions are 8 in. wide, 10 in. hig! 
ind 15 in. front-to-back. The net weight 
is about 24 Ib. 


Petroleum Compound Protects 
Metals from Corrosion 


A new leaded petroleum compound 
veloped for the protection of meta! s 
faces against corrosion has been marketed 
by the Brooks Oil Co., 934 Ridge Av 
Pittsburgh. According to the manufa 
turer, Barcote No. 600 is recommended 
for four basic types of applications: Pro 
tection of structural steel and sheet metal: 
protection of rails, and rail joints; lubri- 
cation of wire rope; and protection ol 
metal parts in storage. 

Barcote No. 600, a solvent, cut back 
leaded compound, can be applied by 
either brush or air spray. It provides cov- 
erage with a thin film which sets to 4 
semi-hard coating of pure lubricant and 
which is said to have good adhesion and 
penetration of all metals. Since the film 
is semi-hard and rubber-like it is said t© 
expand and contract without flaking, 
cracking, pulling away, blistering or ail: 
ing. In the 4g test on the Timken Tes'ing 
Machine, the company claims the film ©¢ 
ries 43 lb lever arm load for 30 min 

The material will flow at 0 F, does 1 


ot 


MATERIALS & METHOD? 
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For more information, turn to Reader Service Card, Circle No. 337 


Zine & Aluminum 
0 () I L \ DIE-CASTINGS 


ore information, turn to Reader Service Card, Circle No. 387 


For ™ 


ment small lots as well as in pro-~ 
am production can be achieved 
y consultation with Lenape for 
recommendations on seamless 
or weldment construction’ 


Economy in pilot or Gévelo, : | 
| 













































































requiring: 
“4 @ Circular of symmetrical flanged 
or filued members of %4"’ to 4”’ 
rolled plate stock. ALL HAP ES 
@ Upset flanged or plain forged ~) 
and pierced rings. ~~ Ses ‘ 
@ Truncated or closed cones. = 
Expanded facilities have ex- 
tended our range of capacity. 
Mail sketch or print direct, 
or consult nearest 
representative. 
cco §6\»ALL SIZES 
of 26 ! 
& 
LENAPE & ey 
: | 
CUSTOM | 
US- 
: acum 6» ALL LOW COST 
\ 
he | 
: PRODUCTS | . | 
| ge oes Leading manufacturers specify Dollin 
: , Die-Castings for highest quality at lowest cost. 
. Send prints or samples for quotation—engineering 
a 4 2 | advice at no obligation. Literature on request. 
| 
j LENAPE HYDRAULIC PRESSING & FORGING CO. | patos fH - 
ga DEPT. 112 WEST CHESTER, PA. rvington 11, W. J. 
—_—— Lf ———.. ... @...: | 
| 
ids a — _ —— _ | 
nd { 
re 
eI 
e announces another new 
No other single grade of laminated plastics has [ RAD , 
ever offered a more useful combination of properties: 
t @ Lowest moisture absorption @ Great arc resistance 
@ Excellent dimensional stability @ High dielectric 
I: strength @ Low loss electrical properties ®@ Dependable 
i- continuous service at temperatures as high as 350°F 
oF ®@ Good chemical resisting properties 
k | 
ny How can you use it? Send for your sample today! Productive | 
f The new Formica FF-33 has more useful FORMICA _—— | teeters 
, electrical and mechanical properties than have REE!) THE FORMICA CO. 


ever before been combined in a single grade. Made Pays im Performance 
of a fine weave fibreglass cloth and impregnated with 
a special new resin, FF-33 promises to be one of the 

most useful and popular grades ever developed by 
Formica. It has deus been tested and approved by several 


4678 Spring Grove Avenue 
Cincinnati 32, Ohio 


Gentlemen: Send me promptly and without obligation 
6” x 6" x Ye" sample of the new Formica FF-33. 














| 
a leading U.S. manufacturers. NAME 
c FF-33 may be the perfect solution to one of your problems. | COMPANY 
You can see and test it without obligation. Why not send for | poeeme 
your sample today? Use convenient coupon below. 
; ony ZONE___ STATE 
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This book tells why Forgings 


are used for the toughest work loads 





Engineering. production and 
economic advantages obtain- 
able with closed die forgings 
are presented in this Refer- 
ence Book on Forgings. Write 


for acopy. 


METAL, 
QUALIT) 














‘Baa is no substitute for the strength and toughness 
inherent in closed die forgings. A product fortified with 

the metal quality found in forgings outperforms 

other products. Check all the aspects of a problem part with 
the unrivaled economic and mechanical advantages of 
closed die forgings and the closed die forging 


process for producing parts. Double-check 
all parts, particularly those which are 
subjected to great stress and strain. 

Then consult a Forging Engineer about 
the correct combination of mechanical 
properties which closed die forgings 

can provide for your product. 





Please send 64-page booklet entitled 


Properties of Metal’, 1953 Edition. 


DROP FORGING 





For more information, turn to Reader Service Card, Circle No. 394 
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“Metal Quality—How Hot Working Improves 
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emulsify with water and has p 
iction sufiicient to carry it bel 
and through rust. It does not eva 
storage, never dries hard and has 
afinity for metals. It is said to 1 
action of salt water, is soluble i, petr 
leum solvents, does not clog spray equi: 
ment, and may be filtered through a | 


in. mesh unit. 





Hardness Testing Machine 
Designed to Fit Into 
Conveyor System 


A production model Brinell Hardness 
Testing Machine, manufactured by Stee! 
City Testing Machines, inc., 8817 Lyndon 
Ave., Detroit, features a roller conveyo! 
arranged in conjunction with the anvil 0! 
the tester. The anvil consists of a series 
of hardened steel bars, between which the 
rollers are interspersed. The rollers then 
raise and lower automatically during the 
testing cycle. 

The machine Model KDR-10X, is a di 
rect reading type of tester, motor driven 
and hydraulically operated. The parts aré 
fed to the machine on a delivery convey® 
The operator rolls the part into position 
beneath the ball penetrator and depresses 
the knee switch. The roller conveyor auto 
matically lowers, allowing the part “ 
come to rest on the anvil bars. Then th 
ball penetrator automatically lowers, 4P 


MATERIALS & METHODS 
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REMARKS Perhaps you can improve 


your product =-= with Bundyweld Tubing. 

For instance, you can end tubing-leakage 

worries. Or make your product lighter and 

stronger. Perhaps you can bring produc- 

tion costs down, too. Talk things over 

| ot | with our engineers. 

— |} ‘Zz to us for catalog or for specific 
t WRITEA information on your problem. BUNDY 

TUBING COMPANY, DETROIT 14, MICH. 
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—\) mal 


——— 


Leakproof Lightweight 


High thermal conductivity Machines easily 
e High bursting point Takes plastic coating 
High endurance limit Takes plating 
Extra-strong Bright and clean 
Shock-resistant No inside bead 
® , 


Ductile Uniform |.D., O.D. 
saan DOUBLE-WALLED FROM A SINGLE STRIP 
WHY BUNDYWELD {1S BETTER TUBING 


* YS " F 2 NOTE the exclusive 
A SIZES UP A rs? ) patented Bundyweld 
iy / ys & ee i beveled edges, which 
‘ afford a smoother 


‘ - joint, absence of bead 
Bundyweld starts as continuously rolled and passed through Bundyweld, double- f SIZES UP and less chance for 
a single strip of twice around later- a furnace. Copper walled and brazed : To %" Oo 
copper-coated steel. ally into a tube of coating fuses with through 360° of wall age any leakage. 
Then it’s... uniform thickness, steel. Result... contact. 


Bundy Tubing Distributors and Representatives: Cambridge 42, Mass.: Austin-Hastings Co., Inc., 226 Binney St. © Chattanooga 2, Tenn.: Peirson-Deakins Co., 823-824 Chattanooga 

— Sidg. @ Chicago 32, Ill: Lapham-Hickey Co., 3333 W. 47th Place @ Elizabeth, New Jersey: A. B. Murray Co., Inc., Post Office Box 476 © Philadelphia 3, Penn.: Rutan & Co., 

17 Sansom St. @ San Franciseo 10, Calif.: Pacific Metals Co., Ltd., 3100 19th S:. © Seattle 4, Wash.: Eagle Metals Co., 4755 First Ave., South e@ Toronto 5, Ontario, Canada: 

oy Metal Sales, Ltd., 181 Fleet St, East + Bridgeport, Conn.: Korhumel Steel & Aluminum Co., 117 E. Washington St. . Los Angeles 58, Calif.: Tubesales, 5400 Alcoa Ave. 
Bundyweld nickel and Monel tubing is sold by distributors of nickel and nickel alloys in principal cities. 
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NAME 

YOUR 

THIN METAL 
FASTENING 
PROBLEM 





PEM has the 
answer 








WELD FASTENERS — Corrosion 
Proof Stainless Steel or 
regular steel—speed assem- 
bly and cut equipment and 
labor costs. Engineered pro- 
jections eliminate burnouts 
on thin sheets. Simple elec- 
trodes. No pilots required. 
Self locating. Require no 
indexing. No retapping— 
shank protects threads from 
weld splatter. 


SELF-CLINCHING FASTENERS— 
in steel, monel, aluminum 
and special alloys and fin- 
ishes. Standard with more 
than 600 leading manufac- 
turers because they pay for 
themselves in assembly sav- 
ings. One or many at a time 
are clinched by a squeeze 
and locked to prevent turn- 
ing with standard tools. 
Reverse side of sheet re- 
mains flush. No swedged 
rim projects. 





: Penn Engineering & Manufacturing Corp. 
Doylestown, Pennsylvania 


Write for 
literature 


Ask for samples 
for trial 


For more information, turn to Reader Service Card, Circle No. 406 
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plying the load and making 
impression. An electric timer 
load for a selected interval 
the penetrator raises, the rolle: 


raises, and the operator rolls tl 
the machine onto another mat 
veyor which carries it on to 
operation. 

The direct reading dial mak 
necessary for the operator to me 
diameter of the impression during testi; 
The dial is a comparator indicator y 
indicates the depth of the im; 
Two hands on the dial can be set 
soft and hard limits allowable, 
glance at the indicating hand will shoy 
whether the part falls within these limi 


Multiple Angle Metal 
Hardness Tester 


A new multiple-angle, semi-portabD! 





metal hardness tester, which does not us 
clamps, has been developed for use ‘ 
areas and surfaces inaccessible whe! 
clamps are employed. It also has the ac 
vantage of being adaptable as a conven 
tional bench-type hardness tester. 

Marketed by C. Tennent, Sons & © 
100 Park Ave., New York, the Penetra 
scope Multiple Angle Metal Hardnes 
Tester consists of a modified portabl 
Penetrascope, movably mounted on a slot 
ted stand, the base of which contains 
electro-magnets which hold the unit firm!) 
to a surface table, lay-out table, or othe! 
ferrous base. 

The unit is capable of both conver 
tional and multiple angle testing by |) 
Adjusting the height of the mounted 
Penetrascope on the slotted stand, 2) 5 
ting the mounted Penetrascope at the 
quired vertical angle, or 3) Setting the 
base of the slotted stand to the require 
horizontal angle. 

The instrument employs the 13: deg MA’ 


MATERIALS & METHODS DE 














CAN YOU 

























LIFT AN IDEA 





FROM THIS? 








@ Inside that jack, the lifting cylinder must withstand 
concentrated pressures. Outside, the housing gets rough service. 


What material would you use to do the job? 


Manufacturers of hydraulic jacks use Republic ELECTRUNITE 
Welded Steel Tubing . . . whether they make jacks that raise . 
cars ... or houses. They find ELECTRUNITE has the high ) 
strength that stands up under this kind of pressure. Takes 
rough service in stride. ) 








Republic ELECTRUNITE is often cheaper. It’s uniformly con- | a 
centric, and that eliminates costly machining for close-toler- 
ance parts. Makes a strong jack handle, too. 


There may be a place for Republic ELECTRUNITE Welded 
Steel Tubing in something you plan to produce. Or in your 
present products. We'll be glad to help put ELECTRUNITE 
Tubing to work for you... in the right places. Just write: 


STEEL AND TUBES DIVISION 
REPUBLIC STEEL CORPORATION 
231 EAST 131st STREET « CLEVELAND 8, OHIO 








ELECTRUNITE TUBING 





MADE BY THE PRODUCERS OF ELECTRUNITE...THE ORIGINAL ELECTRIC WELDED BOILER TUBE 


For more information, turn to Reader Service Card, Circle No. 362 
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H:E=V-l=B-U=Y , 
Shaker 
Hearth 


FURNACES 





Save Time... 







Money .. . Material! 


This furnace used 
to Carburize, Dry 
Cyanide or Bright 
Harden these parts. 


Check these operations: 


@ Hardening small lock spring formerly took 
two days, now only 75 minutes. Rejects were 30%, 
now less than 1%. 





@ $12,000 saved the first year at a large electric applicance 
manufacturer; almost three times the original cost of the furnace. 


@ Cleaning and pickling eliminated because of ‘Bright’ case 
hardening at a business machine manufacturer. 


@ Heat treating costs cut in half at a chain manufacturer due to 
the ease of operation. 


@ Stainless steel springs “Bright’’ hardened without distortion 
because the parts are individually heated in a protective atmos- 
phere and then are dropped directly into the oil quench. 


Learn more about this modern production tool and the way it can 
help you. Write for Bulletin HD 850. 


HEV I 






DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN ——— 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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pyramidal diamond indento: 
| 


ble of giving accurate readings 

than 0 to 64/69 Rockwell ( 
omparable results up to about R 
well C. With adjustable loads { 


30 kgs, and with no clamps in f; 
the instrument, it can handle th 
and thinnest pieces as well as larg, 


odd-shaped items, the manufactu 


Portable Spot Welder Contains 
Electronic Timing Control 


A portable spot welding machine, de 
veloped by Ampower Products Co., 5737 
W. 87th St., Oak Lawn, IIl., features a: 
electronic timing control enclosed within 
the unit itself, thus elminating the necess- 
ity and expense of a wall timer. The 
timing control offers cycles ranging fron 
1/60 to 1 sec, allowing accuracy of ad- 
justment. 

The machine's output is said to be over 
10 kva, and it will weld most alloys of 
aluminum and steel, in addition to gal- 
vanized and cadmium plated sheets. The 
pistol grip increases ease of operation and 
handling, and it is said to be particulraly 
useful for work in places difficult to reach. 
The machine weighs 26 lb. 

Also available is a stand onto which 
the welder can be mounted and used as 
a foot operated floor model suitable for 
semi-production work. 


Cleaner Combines Minimum 
Toxicity with High Flash Point 


Formulated to replace carbon tetra 
chloride in all cleaning operations, Turco 
Solv combines the least toxic solvents 
available consistent with safety from ‘re 
hazard. Developed by Turco Products, |n¢., 
6135 S. Central Ave., Los Angeles, the 


MATERIALS & METHODS 
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Just out! 


sod: Send for your 
FREE copy! 





|ATEST INFORMATION ON 
TPROVEN METHODS FOR TREATING 


CHROMIUM WASTE LIQUORS! 


A “Must” for... 








Plant Engineers and Operating Men... 
with chromium waste disposal problems. 


General Chemical’s new booklet pro- 
vides sound, practical information on 
the use of Anhydrous Sodium Bisulfite. 
For example, it contains data on: 





@ Properties and characteris- @ Flow diagrams for chro- 


tics of Anhydrous Sodium 
Bisulfite plants 


mium waste treatment 


@ When and how to use Batch @ Materials of construction 


and Continuous treatments 


@ Latest testing methods 


for waste treatment plants 


If you do Chromium Plating-Anodize Aluminum-Clean Brass, etc. You Need this Booklet! 


General Chemical has long been one of America’s foremost 
producers of Anhydrous Sodium Bisulfite, with a broad 
and thorough knowledge of the product, its properties and 
uses. As such, the company has assisted many organiza- 
tions in the planning of their chromium waste treatment 
installations using Anhydrous Sodium Bisulfite. Much use- 
ful information based on this experience has been incor- 
porated in a new booklet now available to plant engineers 
and operating men who have chromium waste disposal 
problems. It will prove a useful guide in setting up dis- 
posal plants using Anhydrous Sodium Bisulfite. 


For those who wish to explore the problem more thor- 
oughly, the services of General Chemical’s Technical 
Service staff are available with- 
out cost or obligation. These ex- 
Perts are ready to assist plant 







hemical 

















operators in overcoming difficulties with the treatment of 
chromium wastes from plating, aluminum anodizing and 
brass-cleaning operations. Possibly they can help you with 
your disposal problems in the same practical way they 
have served so many other companies. 


For Technical Service—or for further information on 
Anhydrous Sodium Bisulfite—write or phone the General 
Chemical office nearest you. 


Don’t Delay—Write For Your Free Booklet Today! 











PP. eae ED, DE DP PP PP. EP... 
! | 
| GENERAL CHEMICAL DIVISION | 
\ ALLIED CHEMICAL & DYE CORPORATION , 
, 40 Rector Street, New York 6, N. Y. ' 
i Gentlemen: Please send me AT NO COST OR OBLIGA- | 
| TION your free booklet “Treatment of Chromium Waste ' 
, Liquors with Anhydrous Sodium Bisulfite.” ' 
NAME 
! POSITION i 
I i 
I COMPANY. i 
I 

i ADDRESS. MM-12 
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now...TEFLON with 


Certified performance 














RARER SRA 





Conformance to specifications assured 
in FLUOROFLEX®-T rod, sheet, tube 


\ Resistoflex will certify each shipment of “electrical grade” 
Fluorofiex-T products on six vital physical and electrical 
properties. Qualification tests are performed on all incom- 
ing Teflon powder to determine whether it will yield rods, 
tubes and sheets which are in conformance with specifica- 
: tion AMS-3651 “Polytetrafluoroethylene.” Processing under 
a quality control and inspection system approved by the 
USAF under MIL-Q-5923 specification maintains the iden- 
tity of each lot of material through all stages of manufacture 
— from virgin powder to finished product. 





a 


An affidavit accompanies each shipment attesting to its 
conformance with AMS-3651. Certified test reports of the 
actual properties of any shipment will be furnished when- 
ever they are requested. 


Be sure of optimum performance in Teflon by specifying 
electrical grade Fluorofiex-T. Remember, too—Fluoroflex-T 
products are non-porous and stress-relieved. This means 
better dimensional stability, less costly machining and 
fewer rejects. For more details, write or phone... 


ee Et CC CC LLL LL, 


*DuPont trade mark for its tetrafluoroethylene resin. 
®Resistoflex trade mark for products from fluorocarbon resins. 


RESISTOFLEX 


corporation 





Belleville 9, N. J. 


For more information, turn to Reader Service Card, Circle No. 307 
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quick-drying solvent 1s said 
[ag Closed Cup flash point of 
F, making it applicable for cleaning 
electrical equipment such as wiring, fy; 
switches, etc. Since it 
Turco-Solv can be 


clean motors while they are still 


motors, 


( onduc tive, 


The company states.that the solvent ; 
moves all deposits of grease, oil, metal 
particles, carbon dust and other cay 
flashovers 
leaves no oily. residues and requires ; 


of dangerous and costly 
after-neutralization. It 1s non-corrosive ar 
is safe for use on all metal and wo 
surfaces, as well as well-bonded paint 

Some of the applications claimed bv tt 
manufacturer are: in plant maintenan 
cleaning of electrical equipment, and 
production lines) removal of grease pen 
chalk, ink or hand marks from motor ger 
erator sets. It can be used in whirl par 
washers as a substitute for vapor degreas 
ing or handwiping, or it can be used a 
a maintenance tool in the transportatior 
held. 

It is applied by non-atomizing, lov 
pressure spray or brush. 


Recording Spectrophotometer 
Gives Quick, Accurate Readings 


A redesigned recording spectrophoto- 
meter for industrial use in setting uP 
standards to control the color of paints. 
dyes, glass, textiles, and other materials 
has been marketed by the General Electr 
Co.’s Special Products Section, Schenec- 
tady, N. Y. 

Previously used in laboratories 10! 
chemical, medical and pharmaceuticl 
analysis, the G-E device was re-enginecrec 
with emphasis on accurate color measur 
ment, greater sensitivity, and faster opera 
tion in order to increase applicability. 

According to company engineers, the in 
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| rubber-like properties for long periods of time under 

temperatures? EMPIRE® Silicone Rubber Coated Glass 

Cloth | (Class H insulation) is suitable for use over a temperature range 

of —70° F to 400° F...is resistant to thermal shock... will not 

crack, become brittle or deteriorate at high or low temperatures... 

offers good resistance to lubricating oils and most chemicals... has 
good dielectric strength and low power factor. 








Looking for a versatile material with special mechanical, 
lectrical and structural properties? LAMICOID®—a laminated 
plastic made with various fillers—is available in standard NEMA 
grades and others, with characteristics such as punching adapta- 
bility, heat and moisture resistance, tensile strength, impact strength, 
low loss factor, high dielectric strength, and properties ‘“custom- 
made” to your specifications. 


Are any of these problems yours? 





2. Looking for molding plate for Class H installations? Silicone 
molding plate for Class H applications which could not be produced 
successfully with regular built-up mica splittings can now be manu- 
factured from ISOMICA* (built-up continuous mica sheets). ISOMICA 
silicone bonded molding plate has excellent moldability...excellent 
retention of shape...and an extremely high degree of homogeneity. 


*Trade-mark 





4. Want your signs, instrument panels, nameplates and dials 
to look better, last longer, be easier to install and maintain? 
DECORATIVE LAMICOID lends itself readily to marking by engrav- 
ing, sandblasting, silk screen and rubber-plate printing, painting, 
filling or use of printed matter. Resists wear, aging, weathering, oils, 
corrosive vapors, moisture and temperature extremes. Wipes clean 
with a damp cloth. 


Whatever electrical insulating materials you need, MICO makes them best. 


We manufacture all standard types and many special materials, or fabricate 


parts to your specifications. Send us your blueprints or problems today. 





MICA Yesubaitor COMPANY 


Schenectady 1, New York 


Offices in Principal Cities 









> 
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LAMICOID® (Laminated Plastic) « MICANIT&® (Buill-up Mica) « EMPIRE® (Varnished Fabrics and Paper) « FABRICATED MICA ® ISOMICA® 
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aC AMBRIDGE | LEADS A 
WIRE MESH | DOUBLE 
LIFE 





FARTS TO 
ASSEMBLY 








+- 


ARBOR. RETURN 


——E 








Here’s a customer who gets double use from his Cambridge 
wire mesh conveyor belt. He uses the top side of the belt to | 
carry loaded arbors from the diecasting machine .. . uses 
the bottom side to carry empty arbors back to the machine for 
re-use. Savings in equipment! Savings in floor space! Savings 
in handling and time! 





Room air circulates freely through the open mesh of the 
belt to cool the castings. Hot castings cannot harm the all- 
metal belt. The moving belt feeds parts to the subsequent 
assembly line at a constant rate of speed. 


Even if you’re not making diecastings, Cambridge wire 
mesh conveyor belts can help do many jobs in your plant 
... heat treating, brazing, sintering, pickling, quenching, 
to name just a few, They can be woven from any metal or 
alloy, thus can be used under even the most corrosive con- 
ditions. They can be fabricated in a wide variety of open or 
closed meshes, thus can be used for han- 
dling small or large parts. And, of course, 
Cambridge belts are made to any length 
or width. 





HERE’S A TYPICAL CAMBRIDGE SPECIMEN... 
Rod-Reinforced. This particular weave is widely used 
in continuous heat treating furnaces. 





For complete information on how Cambridge wire mesh 
belts can help you combine movement with processing, 
call in your Cambridge Field Engineer. He’s listed under 
“Belting-Mechanical”’ in your classified telephone book. 
Or, write direct for this NEW, WIRE MESH BELT 
CATALOG. IT’S FREE! Gives conveyor and conveyor 
belt design and installation data, metallurgical 
tables, other useful information. 













| 


The Cambridge Wire Cloth Co. | 


} 
METAL ++—- SPECIAL Department A 


CONVEYOR}++—+ METAL Cambridge 12, 
as BELTS +—}—TFABRICATIONS Maryland 


—s oe 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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strument now furnishes a ray 
analysis by drawing a complet 

curve in 54 sec with photometric 

of 0.5%, wave length accuracy within 1 
millimicron, and photometric precision 
within 0.2%. A range of 380 to 700 mj! 
limicrons has been provided in anticipa. 

















tion of any new colorimetric standards 
which may be established by the Inte, 
national Commission of Illumination 

In measuring reflectance samples, , 
homogeneous sample is placed in the sam. 
ple holder and a standard white in th 
standard holder. This will give a measure 
of the sample color relative to the whit 
standard. After the paper is mounted op 
the recording drum, the operator turns on 
the wave-length drive and a complete 
curve is automatically drawn in 54 sec. 

The three components of the 500 |b ap 
paratus—the monochromator, photometer, 
and recorder—are housed in a single en 
closing case measuring 45 by 26 by 19 in 
Power requirement is 400 w at 115 v, 60 
cycles. 





Glass Fiber Tubing Reduces 
Weight of Aircraft Fuel Gages 


A new rolled tubing, incorporating 


glass fiber cloth with a binding resin Ee 
known as diallyl phthalate (DAP), 1s 2 
said to reduce the overall weight of an mc 
aircraft fuel gage system as much as 25%. e 3 


According to the manufacwrer, the tubing 
can be machined to closer tolerances, has 
lower moisture absorption and its dieclec- 


tric properties have greater stability under ‘ < 
temperature and humidity extremes than Ff 
any other applicable material currently de 
on the market. = ft 

Developed by Simmonds Aerocessories, ~ & 
Inc. of Tarrytown, N. Y., in conjunction > 
with Synthane Corp. of Oaks, Pa., and E- 


the U. S. Polymeric Corp. of Stamford, 
Conn., the new material is now being 
used in Pacitron electronic fuel gage Sys 
tems for military aircraft; however, the 
company anticipates that the tubing, due to 
its improved properties, will find br vad 
applications in the future 


(Continued on page 172) 
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] Bearing Performance Assured 


in sealed mechanisms and inaccessible machinery 





These 6 operating advantages 
reduce machine downtime, 
lower maintenance costs 

and increase production — 


1. No lubrication required 
2. No maintenance necessary 
3. Elimination of 
cold start drag 
4. Resistance to high heat 
5. Self-lapping and 
polishing 
6. Unaffected by most 
acids and corrosion 








Durable Morganite Bearings 
are ideal for installation 

in inaccessible machines, 
and for use in hermetically- 
sealed mechanisms. As their 





self-lubricating qualities are 





inherent, and not a result 

of impregnation, they remain 
efficient at high temperatures. 
Because the bearings are 
self-lapping and polishing, no 
expensive finishes are necessary. 





@ MORGANITE SEAL NOSES FOR CiRCU- 
LATING PUMPS-—Selif-iubricating, leaktight 
secls — wet or dry — recommended for 

bn ge leg 


IF YOU HAVE A DIFFICULT BEARI 
CONSULT WITH US TODAY — 

For complete information on your speci- 
fic application, write Morganite. Recom- 
mendations will be supplied. 





LONG ISLAND CITY 1, NEW YORK DD te0t marx 


For more information, turn to Reader Service Card, Circle No. 400 
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a special message for 
manufacturers of aviation equipment 


need a finish for Sp 


light metal parts? IRIDITE 





Here’s the finish that combines corrosion resistance and 
paint adherence with extreme ease of application. It can 
be welded or soldered with‘no difficulty and presents no 
problem in “patching’’ scratches, marks or scraped 
sections. Here’s what you can do with Iridite: 



























ON ZINC AND CADMIUM you can get highly corrosion re- 
sistant finishes to meet any military or civilian specifi- 
cations and ranging in appearance from olive drab 
through sparkling bright and dyed colors. 


ON COPPER ... Iridite brightens copper, keeps it tarnish- 
free; also lets you drastically cut the cost of copper- 
chrome plating by reducing the need for buffing. 


ON ALUMINUM Iridite gives you a choice of natural alumi- 
num, a golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. 
Process in bulk. 


ON MAGNESIUM I[ridite provides a highly protective film 
in deepening shades of brown. No boiling, elaborate 
cleaning or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room tempera- 
ture by dip, brush or spray. No electrolysis. No special 
equipment. No exhausts. No specially trained opera- 
tors. Single dip for basic coatings. Double dip for dye 
colors. The protective Iridite coating is not a superim- 
posed film, cannot flake, chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you 


complete data. Write direct or call in your Iridite Field Engineer. 
He's listed under" Piating Supplies” in your classified phone book. 





For more information, turn to Reader Service Card, Circle No. 333 
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New Neoprene Formulation Permits 
Fewer, Thicker Coats 


By means of a new formulation, jt ; 
now possible to apply Neoprene in coats 
0.010 to 0.020 in. thick, obtaining in 4; 
7 applications tank linings or coatins 
1/16 in. thick. There is no loss of phys: 
cal or corrosion resistance properties on 
the coatings cure at room temperature 

Developed by Carboline Div., Mullin 
Non Ferrous Castings Corp., 331 Thorn. 
ton Ave., St. Louis; Mo., the heavy coat 
characteristic of the new product, called 
Neoprene 100, is said to combine pot life 
and corrosion resistance comparable with 
heat-cured Neoprene. 

Another feature, in conjunction with 
the development of Neoprene 100, is the 
marketing of Neoprene 100 Primer which 
is suitable for both sandblasted and wire 
brushed rusty steel surfaces. The new 
primer is said to resist direct corrosion, 
creep corrosion, and to provide excellent 
edge protection. The Neoprene 100 coat 
ing will bond directly to it, and the pri 
mer can be modified for application on 
damp surfaces. 





Large Automatic 
Vacuum Metallizer 


Compactness in the layout of the vac- 
uum pumping equipment and automation 
of the control system with safety inter- 
locks are features of the new 72 in. vac 
uum metallizing unit developed by the 
F. J. Stokes Machine Co., Philadelphia, 
Pa. 

Rapid pump-down of the chamber, 
which is 72 in. in dia and 60 in. long, 
is accomplished by a Stokes three-stage 
pumping system, made up of an 812-F, 
500 cu ft per min rotary mechanical pump 
for roughing, a 147-D six-inch booste! 
pump, and three 14-in. 147-E oil diffusion 
pumps. The three diffusion pumps 


For more information, Circle No. 323 > 
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MORE GOOD NEWS ABOUT... 

















EARLY TWO YEARS AGO, as the small ad reprint shows, e was rammed while entering a driveway. 

Naugatuck announced the production of an experi- 
mental reinforced-Vibrin plastic car body—a body that was 
dent-proof, rust-proof, amazingly strong and light! 


e overheated from a broken fan belt till the hood became 
too hot to touch. 
e took roughly 2/2 times the wear and tear the average 
And now Kaiser Motors Corporation has begun to car is subjected to in that time—in the hands of at least 
produce a Vibrin-bodied car for the public—the breath- 100 drivers! 
taking Kaiser-Darrin being admired above! 
Good news? You bet! Look how the Alembic I, Nauga- And Vibrin came through unharmed! A dab of paint 
tuck’s experimental car, has fared in over 45,000 miles of for the fender scratch, a slight change in body mounting, and 
grueling road tests—equal to almost twice around the world! the body was better than ever! 


In two years’ time, the amazing Alembic I... No wonder reinforced Vibrin has risen to the very top of 
¢ sped along highways, jounced and twisted through tor- the “most promising materials” list... not only for car bodies, 
art nape 
turous back roads from coast to coast, Texas to Canada. but for structural applications of all kinds! 


* withstood burning desert sun, snow, sleet, and rain. To learn more about Vibrin® bodies, write us on your 
e had a fender scraped in Philadelphia. letterhead for the Story of Alembic I. 








dies for Katser-Darrin (Matin Illustration) molded by Winner Mfg. Co., Trenton, N.J., Lunn Laminates, Huntington Sta., L.1.,and Ashtabula, O., Molded Fiber Glass Body Co., Ashtabula, O, 


(@ Naugatuck Chemical 


Division of United States Rubber Company 
112 ELM STREET, NAUGATUCK, CONNECTICUT 
RANCHES: Akron « Boston « Charlotte « Chicago « Los Angeles» Memphis « New York « Philadelphia. IN CANADA: Naugatuck Chemicals, Elmira, Ont. 
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WALL PARTS can play @ BIG PART in... 


@eseeeeneseee 


“ction 
coy 


Leading manufacturers in the electronics, ma- 
chinery, appliance and toy fields have been 
saving substantially by using precision Multi- 
Swage parts instead of those previously 
made by turning, drilling, 
stamping or forming. 


HERE ARE ONLY A FEW TYPICAL 
TINY PARTS MADE BY BEAD CHAIN’S 


Economical, Dependable 


MULTI-SWAGE METHOD 


LET BEAD CHAIN MAKE YOUR 


Tiny Parts 0 400" 
Gpecification® 
at far less cost? 


The advanced manufacturing 
method developed and used 
exclusively by Bead Chain 
swages practically any type of 
small tubular part from flat 
stock into precision forms with 
positive, tight seams... and 
does it Automatically. If you 
can use high-volume produc- 
tion .. . we can deliver it at a 
much faster rate .. . and at far 
less cost! Scrap is eliminated! 
Deliveries to you are depend- 
ably prompt! 


We can supply you with parts 
that are beaded, grooved, 
shouldered and made with al- 
most any metal. Diameters up 
to 1/44”, lengths to 11/2” 


This catalog can save 

you a lot of production 
time and money! 
Write for it 


GET PROOF-POSITIVE 
COST COMPARISONS! 


Send us a blueprint or sample and quantity 


THE BEAD CHAIN MFG. CO. 
BRIDGEPORT 5, CONNECTICUT 


Please send me your Catalog of Multi-Swage Parts 
| ES rea 
i 


COMPANY... 






requirements, We will quickly show you the big 
Original and World’s 


economies we can deliver. 
B 
Largest Producer of Bead Chain KEY NO. 15 


THE BEAD CHAIN MANUFACTURING CO., BRIDGEPORT 5, CONN. 


ADDRESS —— 






For more information, turn to Reader Service Card, Circle No. 413 
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directly connected to the 


rear Of the 
metallizing chamber, without a inifold 
‘ Mi, 

Solenoid-controlled air-operated pop 


pet valves of the disc type are in talled in 
the vacuum lines from the chamber to 
each of the pumps. The valves are te, 
motely controlled from the panel of the 
control cabinet at the front of the unit 
The pumping system, working as a unit, 
can evacuate the empty chamber to 
pressure of 14 micron (normal working 
pressure for metallizing) in 7 min 

Sequence of Operations—Pushing the 
No. 1 button to start the rough pumping 
automatically closes all the valves opening 
from the vacuum chamber except the one 
to the mechanical vacuum pump. When the 
rough vacuum pressure gage reads 209 
microns, the operator pushes the No, ? 
button, which closes the valve from the 
chamber to the roughing line and opens 
the three valves to the diffusion pumps 
and the smaller one to the booster pump. 

When the pressure has been reduced to 
1/4, micron, the chamber is ready for flash- 
ing the filaments and depositing the metal 
coating on the parts to be plated. The 
filament-heating current can be raised to 
the flashing-point and held there for the 
proper length of time either by an auto- 
matic flashing cycler or by manual control 

After metallizing is complete, the oper- 
ator pushes the No. 3 button which 
closes all the valves leading out of the 
chamber and, after allowing ample time 
for all the valves to close, trips another 
valve admitting air to the chamber. This 
precaution is said to safeguard the diffu 
sion pumps against oil contamination and 
oxidation 


Spray Enamel Has 
Color-Flecked Finish 


A wide range of applications is claimed 
for Plextone, the new color-flecked enamel 
finish produced by Maas & Wealdstein 
Co., Newark, N. J. The finish is said to 
have endless color possibilities, from 
tones-on-tone to brilliant spatter effects in 


| a wide range of colors, sprayed from one 


gun at one time. 

The company states that among the sur- 
faces on which the enamel may be applied 
are wood, wallboard, composition mateti- 
als, paper, plaster, plastics, woven fabrics, 
cast iron, steel, aluminum, brass, copper 
and zinc. It is said to be particularly use- 
ful in finishing porous materials which 
tend to absorb ordinary finishes. 

For most surfaces, no more than one 
prime coat and one Plextone coat are [¢- 
quired. The textured finish covers wood 


(Continued on page 178) 
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¢ Johnny-on-the-spot is but one 
ny services performed by the 
el distributor. He knows what’s 


din your area, and to make sure 






rrequirements are met promptly, 
keeps large stocks of tool steel on 
. You'll find him always ready to 
lyoua helping hand, too, whether 
require a simple operation like 
lg bars, or something much more 
plex, such as determining the kind 
eat-treatment needed, 


Bethlehem’s large tool steel depot carries a complete range of sizes in 24 
different grades of steel, to facilitate 


rapid shipment to distributors. 


Prompt Service? 
Your Tool Steel Distributor 


It’s all to the good when you have 
a tool-steel distributor near you, for 
then it’s not necessary to carry large 
inventories. What’s more, the distribu- 
tor often has a supply of other steel 
specialties that you may need. 

All distributors of Bethlehem Tool 
Steels are friendly, reputable firms, 
well known for their good service. 
They’re good people for you to know. 
Our hat is off to them for a fine job — 
each and every one. 


BETHLEHEM TOOL STEEL ENGINEER SAYS: 








4 
y 


lakes no difference what the source 
| be—fresh water is simply unsuit- 
efor the quenching of tools. For 
iresh water contains dissolved 
’, Which are released at the sur- 
"ol the tool when it is quenched. 
‘small cas poekets thus formed ean 
vent e ntaet between the tool and 
tt, ani the resultant ineffective 
th ecases soft spots. These soft 









Don’t Use Fresh Water for Quenching Tools 


spots are likely points for cracks to 
oceur in the tool. 

A good way to avoid this trouble is to 
quench in water which has been boiled 
to remove the dissolved gases. Suppose 
the water cannot be boiled? Then 
expel the gases by quenching a large 
amount of hot “dummy” material. Even 
better would be a 10 pet brine solu- 
tion, made up using degassed water. 


New Booklet on 
Bearcat Tool Steel 


We recently issued an attractive 2-color 
booklet on Beareat Tool Steel 
tile general-purpose steel 
that is so well suited for ap- 
plications involving high 
shock-resistanee. The 
8-page illustrated booklet 
contains a wealth of in- 
formation about Beareat - 
goes into eonsiderable de- 
tail about its hot-work and 
-asy-machining properties. 

Beareat is a super steel in every respect. 
It is air-hardening, thus minimizing 
quenching hazards, and it has good resist- 
ance to distortion during heat-treatment. 
OTHER ADVANTAGES OF BEARCAT 
In addition to superior shock-resistance, 
Seareat has these other important advan- 
tages: 


1. Deep hardening 


the versa- 


2. Easy machining (Brinell 197 max) 
3. Low distortion in heat-treatment 
4. Good hot-work properties 
5. Easily earburized for long wear 
TYPICAL ANALYSIS 
C Mn Si Cr Mo 


Beareat is especially recommended for 
both hot- and cold-shock applications such 
as rivet sets, chisels, punches, hot headers, 
and gripper dies. It is also ideal for short- 
run dies used in cold-forming, blanking, 
and bending, as well as for engraving dies, 
die-casting dies, and master hobs. It has 
many other uses, too. 

It will be worth your while to look into 
Beareat. Why not talk it over with your 
Bethlehem tool steel distributor? And of 
course you'll want to read the new booklet 
on Beareat. Write to the Publications 
Dept., Bethlehem Steel Company, Beth- 
lehem, Pa. Ask for Booklet 341. 





Here’s a typical use for Bearcat— general-purpose 
dies requiring a high degree of toughness. These dies 
are used to produce aluminum impact-extrusions. 
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A YOURS 


with Vacuum Coating 


From the icy flash of silver to the bold rich warmth of brass, 
or the delicate elegance of gold — Vacuum Coating adds new 
sales appeal to your palette of plastics finishes. Less than the 
cost of electroplating. 

Vacuum Coat on plastics or metals with aluminum, silver, 
copper, or other metals — the materials cost is negligible. 


The actual labor is simple: load a tray... push a button... 
and unload. Cycles are short, initial investment low. 


Four standard NRC Vacuum Coater 





models permit you to pick one that Maintain short cycles 
fits your requirements — from small the easy way by using 
NRC's exclusive 
lots to mass production. 
pean Og M8 NARLINER* 
Hundreds are using it. Send for de- Strippable Film. 
scriptive bulletin, today. Write for details. 











*T. M. Nationa! Research Corp. 


INDUSTRIAL RESEARCH PROCESS DEVELOPMENT 
CHEMISTRY, METALLURGY PHYSICS, DEHYDRATION 
HIGH VACUUM ENGINEERING DISTILLATION, VACUUM COATING 


National Research Corporation 
EQUIPMENT DIVISION 


Seventy Memorial Drive, Cambridge, Massachusetts 


For more information, turn to Reader Service Card, Circle No. 405 
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knots metal Spot wel 1s. flaws a 
ishes, and cuts material waste 
costly base materials may be 


finish can be applied with ordina: 
equipment and techniques. 

Durability tests on the finis 
shown that it is resistant to cl 
cracking and abrasion. It is not 
by alcohol, grease Or oil and is che 
resistant. It can be washed, scrubbed ap 
scoured with abrasive cleaners wi ho 
surface damage. Spots that have been ; 
touched are impossible to detect, the « 
pany says. 

Plextone has a lacquer base and ai 
dries in about 30 min; it is normally 
hard enough to handle in 2 to 3 hrs 
Flat or semi-gloss sheens are availab\ 
or there are combinations giving glossy 
highlights on flat backgrounds. 





OLO 





Interchangeable Tip Ends for 
Cutting Torches 


Use of a new type welding tip end and 
adapter is said to eliminate the need fot 
constant replacement of welding tips, and 
reduce the gas and oxygen consumption of 
cutting torches. 

Marketed by the Evans Machine Co., 
122 S. Calverton Rd., Baltimore, Md., the 
Universal Cutting Tip Ends are inter- 
changeable and will fit any cutting torch 
with the use of the Universal Adapter, 
which becomes a part of the torch. In 
order to renew the cutting tip, only the 
tip end must be replaced. 

According to the manufacturer, the 
three-piece construction facilitates cleat 
ing and assures longer life. 


For more information, Circle No. 330 > 
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PRODUCT— 
Casting for reciprocating ram. 


ls MATERIAL— 
a High-strength cast iron | 2” thick. 
EQUIPMENT— 


220 kv x-ray machine. 





What's the right 
X-ray film? 





KODAK 
INDUSTRIAL X-RAY THERE’S A RIGHT FILM FOR EVERY PROBLEM 


Whatever your radiographic problem, you'll find 
FILM TY PE 4 the best means of solving it in one of Kodak’s four 

7 types of industrial x-ray film. This choice provides 
the means to check castings and welds efficiently, 
offers optimum results with varying alloys, thick- 
nesses and radiographic sources. 




















- : ’ < 3 has edi co as it igh speed. Designex ' 
L his casting, worth about $2, is headed for Type K—has medium contrast with high speed. Designed 
ee - for gamma ray and x-ray work where highest possible speed 
machining, heat treating and scraping worth is needed at available kilovoltage, without use of calcium 
Or ’ : : . tungstate screens. | 
$375. It’s no time to take a chance on hidden i . ‘yi 
‘ Type A—has high contrast and fine graininess with ade- | 
faults. quate speed for study of light alloys at low voltage and for 
7 ‘ ‘ examining heavy parts at intermediate and high voltages. 
So the radiographer checks each casting and Heed: dicest as with lend-tail eaniamn, 
discards the unsound. Type M—provides maximum radiographic sensitivity, with 
direct exposure or lead-foil screens. It has extra-fine grain 
For these radiographs he uses 220 kv at a and, though speed is less than Type A, it is adequate for 


3 ° : : : — , m light alloys at average kilovoltages and for much million- 
distance of 40 inches, lead screens, and Kodak aye i sce ph 


Industrial X-ray Film, ‘I ype K—the right Type F—provides the highest available speed and contrast 
choice for this thickness of iron and X-rav when exposed with calcium tungstate intensifying screens. 

; - Has wide latitude with either x-rays or gamma rays when 
equipment. exposed directly or with lead screens. 





Radiography. e e another important function of photography 


RADIOGRAPHY IN MODERN INDUSTRY 


A wealth of invaluable data on radiographic principles, 











practice, and technics. Profusely illustrated with photo- 
graphs, colorful drawings, diagrams, and charts. Get a 
copy from your local x-ray dealer—price, $3. 







EASTMAN KODAK COMPANY 
X-ray Division - Rochester 4, N. Y. 






TRADE -MARK 


FIRST with MECHANIZED Batch Type Heat Treating 





_. Normal Oil Quenching 





o- Hot Oil Quenching 
~ Slow Cooling In Atmosphere 
qe Atmosphere Quenching 
a Isothermal Annealing 


—_ Atmosphere Tempering 


Write today 


. . » for literature or call 
and tell us your problem. 


KE 2-9100 





‘12045 WOODBINE ~- DETROIT 28, MICHIGAN 


For more information, turn to Reader Service Card, Circle No. 419 
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New Bright Copper Proces: 


A new bright copper process 
















said to increase plating produ 
much as 60% has been developed | 
Smoothe x, Inc.., Cleveland. Ohio Deve 
oped because of the severnment allocatioy 
of nickel, the Smoothex Bright Coppe; 
Process is said to be fast, easy to contr 
economical and adaptable for bot! large 
scale and job shop production. 

The process is said to be 98% efficien 
has high speed of deposition, and goo¢ 
throwing power. Ductile deposits and Joy 
copper concentrations are featured in th, 
process, and periodic reverse or intermit 
tent current may also be applied. 
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Control Unit for Metal farni 
Heating Operations In 


metal 
The new Cincinnati Flamatic Power partic 
Control Unit, comprising a central unit ducts 
for precise control of fuel gas and oxygen make 
for various selective heating operations, f th 
has been marketed by the Cincinnati Mil- onenl 
ling Machine Co., Cincinnati. Ohio. t} 
The unit, in addition to controlling fue! mics 
gas and oxygen, controls pressure of of ¢ 
water for cooling and quenching, air for to « 
actuating cylinders and electrical power r 
for automatic work movement and opera min 
tional cycling. men 
Three sizes are furnished, with 2, 4, diti 
and 6 mixed gas circuits respectively. The non 
No. 3 Unit, the largest furnished at pres- 
ent, has a maximum capacity of 4500 tect 


Btu per hr, the equivalent of 1320 kw 

per hr. According to the company, the . 
Power Control Units operate at full cfl- por 
ciency over the entire range of output 

from zero to maximum. 


(Continued on page 181) 
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Metal Detector Designed for 
Conveyor Belt Work 


A general-purpose metal detector which 


can be installed around conveyor systems 
without cutting the belt and can be adap- 
ted to special applications has been mar- 
keted by General Electric Co.'s Special 
Products Section, Schenectady 5, N. Y. 
The equipment consists of an electronic 
cabinet and an inspection coil system. 
The control cabinet contains electronic 
components and bridge circuits which are 
completely enclosed. Mounted on the out- 
side of the door are controls and indi- 
cators for operation of the equipment 
The coils are 114-in. dia aluminum tubes 
and are attached to heavy aluminum straps 
on the junction box. They may be slipped 
wer a conveyor type installation and then 
bolted to the junction box without dis- 
turbing the conveyor system. Two stand- 
urd coil sizes are available: one rectangu- 


il with inside measurement of 33 
] +h, © ‘ | o 
in., and the other a circular coil 
with a 4-ft diameter. Special sizes can be 


furnished on request. 

In operation, the G-E device detects 
metal by perceiving the effect of the metal 
particles on the characteristics of an in- 
ductance bridge circuit. The coils which 
make up the inspection unit are elements 
of this bridge circuit, and a metal particle 
coming into the inspection aperture causes 
the bridge to become unbalanced elec- 
trically. The output (or unbalance signal) 
of the bridge is then amplified and used 
to operate an alarm or control. 

The device is said to be applicable to 
mining field operations since the equip- 
ment can be installed under adverse con- 
ditions and be used to detect metals in 
non-magnetic and non-conductive types of 
Ore. In industrial food operations the de- 
te tor will reveal metal particles in many 
packaged food products, and in the paper 
1 lumber industries, the detecting com- 
nent can be immersed in the log pond 

logs floated through for a metal 
pection. 

‘ower requirements are 105/125 v, 60 
és, 150 w. 


CEMBER, 1953 

























From Jet Bomber Parts 


to Gas Range Bunners 


MUELLER BRASS CO. 
Aluminum Forgings Saye 
Weight, Save Finishing |Time 

and Provide the 
Strength as Steel 





lf weight and strength are important factors in your 










best bet. Mueller aluminum forgings weigh only !/; as 

as steel, yet they are approximately as strong. They 

parts for many applications and they are particularly desi 
parts for high speed rotating and oscillating machines bec 


reasonable temperatures. The smooth, bri 
surfaces save machining time and eliminate costly finishin 


in any practical size and shape from any of the standar 
or special alloys. Write us today for complete information. 


MUELLER BRASS CO. 


PORT HURON 16, MICHIGAN 


For more information, turn to Reader Service Card, Circle No. 358 
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Powdered Metal in Coating of Drag 
Electrode Speeds Welding 


Incorporating powdered metal in th 
coating, a new electrode called Jetweld js 
said to utilize the heat of the arc mor 
efficiently than other types, thereby ip. 

| creasing the welding speed, with high 
weld quality, appearance and ease of oper. 
ation. Typical welding speeds on lap and 

| fillet work are on the order of 12 to 15 
in. per min. 

Marketed by the Lincoln Electric Co 
| Cleveland 17, Ohio, Jetweld is a heavil 
| coated shielded-arc type of electrode fo; 
| operation in flat or near flat positions 

with a.c. or d.c. welding current. It meets 
| the physical requirements of class E-701: 
| and is used on work formerly calling for 
E-6012 and E-6020 electrodes on singk 
or multiple pass welds. It is especially 
well suited for horizontal and flat posi 
tion fillets, horizontal and flat positions 
laps, single and multiple pass butts, dee 
grooves and corners, and cover pass on 
multiple pass butts. 

According to the company, it is par 
| ticularly suited for welding some higher 
| carbon steels without cracking and with 
| out surface holes. Weld metal is said 
| to be uniform x-ray quality, free fron 
| undercut with high impact values. Typ 
ical physical properties, as welded, are 
Tensile strength, 93,000 psi; yield point 
79,000 psi; elongation in 2 in., 15 t 








22%; Charpy keyhole impact value at 
@ The processing of petroleum, paint and room temperature 28 ft Ibs. 
varnish and like products where volatile | The new electrode is 5/32, 3/16 and 
fumes are present used to be a dangerous | % in. 


job. Today, this danger has been minimized 
through the use of the inert gas blanket that 
holds oxygen away from the fumes, prevent- 
ing the combustible mixture that made this 
work hazardous. 








Modern gas generation | 
equipment has made it pos- | 
sible for even the small | 
processing plants to obtain 
this inert blanket protection 
at unbelievably low cost. If 


lron-Rubber Sheets Resist Abrasion 


Marketed by the Magic Chemical Co., 
Brockton, Mass., a new protective sheet- 
ing called Iron-Rubber is said to giv 


you are buying gas, Or | abrasion and corrosion resistance to man) 
manufacturing it by old ob- types of industrial equipment. According 
solete methods, it will pay | to the company the sheet will minimize 
you to drop a card to Gas | maintenance costs, increase the life of 
Atmospheres, Inc., today. equipment, and increase production }j 


eliminating shutdowns for repairs. It 1s 
designed for use on chutes, hoppers, ball 





e ; mills, ducts, pipes, skips, housings, tanks 
Compact in design shaking tables, shot and sand blast cab- 
the Gas Atmos- & : : : yrmally sub- 
nhiees Inert Gas &s Wi IT. 47 nc | inets, or other equipment n« rmally 
generator is avail- * il a jected to excessive wear. 


able in a complete 


in 3 of a Loe The sheeting is available in two types. 
ice Gan volemn nd (equipment for producing industrial gores | reinforced and non-reinforced. The e 
gas required, | 20011 WEST LAKE ROAD - estaba inforced Iron-Rubber is composed of two 
ALES WILSON ENTERPRISE | sheets of rubber permanently bonded t: 4 
For more information, turn to Reader Service Card, Circle No. 494 
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93 years of \ Fine) strelmaking 


REX HIGH SPEED * TOOL * 


DI CEMBER, 


Users of fine wire can now obtain prompt delivery 
of Crucible stainless steel wire . . . in all diameters... 
in all tempers from full hard to dead soft. And 
Crucible’s fine wire comes in all standard grades — 
with a bright surface or a variety of metallic and 
nonmetallic finishes tailored to meet your specific 
application. 

Our new fine wire mill is equipped with the latest 
facilities for annealing, pickling, drawing and finish- 
ing. Our mill metallurgical control setup is the latest 














REZISTAL STAINLESS * 


MAX-EL * 


word, too, to assure you that every spool and coil 
produced conforms to Crucible’s high standard of 
quality — dimensional, physical and surface uni- 
formity that is unsurpassed in the industry. 

No matter what type of wire you use — whether it 
be cold heading wire, weaving wire, spring wire, 
needle wire, screen wire, cable wire, or a host of 
other types — our new mill is equipped to serve you. 
For prompt delivery of quality stainless wire, call 
your nearest Crucible warehouse. 


first name in special purpose steels 


STAINLESS STEEL WIRE 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


ALLOY * SPECIAL PURPOSE STEELS 





For more information, turn to Reader Service Card, Circle No. 383 
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about 
YORK’S 
new 
ICE 
CUTTER 


YORK FLAK-ICE 
AUTOMATIC 
ICE MAKER, 

MODEL DER- 2 


ICE HARVESTING SYSTEM 


AN IMPORTANT COMPONENT of York 
Corporation's most recent development, the York- 
Flakice Automatic Ice Maker, is Atlantic's ice 
cutter casting. It cuts the ice into curved flakes... 
so delicate they will not damage or puncture 
delicate rose petals. 


YORK’S ORIGINAL CONCEPTION of the ice 
cutter...a vital part of the ice harvesting system 
... consisted of three stainless steel parts 

which had not only to be machined, but welded 
together. 


ATLANTIC’S ENGINEERS suggested a design 
that eliminated these costly operations and 
increased the productive efficiency of the ice cutter. 
Six spiral blades on a center shaft were all 

plaster mold cast in one piece of Atlantalloy #31 
High Tensile Manganese Bronze ...an alloy of great 
endurance and strength. 


York will testify that Atlantic’s all-in-one-piece ice 
cutter casting surpassed all requirements for high 
physical values, closely-held tolerances, satin-smooth 
finish, fine-grained structure, clean-cut surfaces... 
and afforded them substantial savings over 


ATLANTIC'S former costs. 


ICE CUTTER 
‘@- S00, 1c 





Find out how the Atiantalloy plaster mold casting Y Miguin 
process can help solve some of your problems p ' 

Write for a free copy of “High Quality Precision RECISION Castings 
Castings for Industry” today! a 


oa - nd Stry 





1b j 


CASTING and ENGINEERING CORP. 


810 Bloomfield Avenue « Clifton. N. e PRescott 9-2450 





For more information, turn to Reader Service Card, Circle No. 442 
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central core of expanded steel. TI type 
can be bent to fit corners or can be shaped 
to fit any contour. Non-reinforced js , 


single sheet of rubber 


Hard-Facing Electrode Provides 
Increased Rate of Deposition 


A new electrode suited for hard-facing 
various types of industrial equipment has 
been marketed by the Stoody Co., Whit- 
tier, Calif. Coated Tube Stoodite, known 
during field testing as Experimental Elec. 
trode, Stoody 1293, has as its principal 
alloys chromium and molybdenum whic! 
are said to provide good resistance to all 
types of arbrasion, a high compressive 
strength and excellent impact resistance 

The electrode is weldable to all carbon 
and alloy steels including manganese. De 
posits are semi-austenitic and are not 
affected by ordinary heat treating meth- 
ods. Under normal welding procedure, 
either a.c. or d.c., deposits show a Rock- 
well C hardness of 56 to 60, and prop 
erties are retained at temperatures up to 
800 F. 


New Rod for Repair of Manganese 
Steel Castings 


A manganese-nickel steel welding rod 
for repairing or building up worn of 
broken manganese steel castings has been 
marketed by Wall Colmonoy Corp. 
19345 John R St., Detroit. It can also 
be used as a build-up material prior to 
applying Colmonoy hardfacing alloys to 
manganese steel parts. 

Called Walmang, the alloy was de- 
veloped to provide an austenitic man- 
ganese steel welding rod that produces 
weld metal having the same manganese 
content, work hardenability, and wear re- 
sistance as cast 12% manganese steel. The 
weld deposits have an initial hardness 
slightly less than the 160-190 Brinell 
hardness of the parent manganese steel 
casting, but it will work harden in use 
under deformation and impact to 450 
Brinell and higher, the company claims 
The deposit is also said to have strength 
and ductility approaching that of the 
parent metal. 

The bare rod can be applied with d 
equipment, while the coated rod can b¢ 
used with either d.c. or a.c. equipment. 
The rods are available, either bare of 
coated, in Yj, 3/16, 5/32, and ¥ in 
dia sizes. 

(Continued on page 186) 
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abla, 
us a Mak 


AWQ stands for American Welding Quality. Perhaps we 

can best describe it as the attitude of craftsmen, proud ; 
of their know-how and ability to produce welded rings, Lf 
bands and welded assemblies . . . or to be more specific, 

craftsmen who treat every job with the same degree of 

care that you insist upon in your own plant. 


If your requirements involve either fusion or resistance 
welding of ferrous or non-ferrous metals, call or write 
us. We can put our 35 years of welding experience — the 
latest techniques and equipment—and 1600 conscientious 
hands to work for you. 





THE AMERICAN WELDING & MANUFACTURING COMPANY © WARREN * OHIO 


For more information, turn to Reader Service Card, Circle No. 483 
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PHENOLIC FACTS FOR BUSINESSMEN 





Ever see your reputation close-up 7 


@ We see ours every day. Indeed we 
make such a point of it that, when no 
press meeting our standards for exam- 
ining the flow value of plastics was 
available, we designed this new type 
ourselves. The test pieces it turns out 
are part of the quality control program 
on which the Durez reputation rides. 

Assuring the highest possible uni- 
formity from batch to batch, this press 
is one of the many behind-the-scene 
reasons why thousands of manufac- 
turers put their faith in Durez phenolic 
resins and molding compounds. 
Others include Durez laboratories full 
of experimental and testing apparatus 


and groups of hard-to-please men. 

So when you lay your company’s 
reputation on the line with Durez 
materials, you may be sure there are 
no better of their type. We've been 
specializing in the phenolics — most 
versatile of all plastics — for 32 years. 
We'll gladly work with your molder 
or your own staff in applying them 

rofitably to your needs. 

Why not write (on your letterhead 
please) for our monthly “Plastics 
News,” reviewing industry’ S newest 
uses of Durez? Durez Plastics & 
Chemicals, Inc., 1412 Walck Road, 
North Tonawanda, New York. 








MOLDING COMPOUNDS 


- familiar in thousands ot 
produces built for rugged 
everyday service 


RESINS FOR INDUSTRY 


— including a new fast 
curing type for shell 
molding in foundries 





PHENOLIC PLASTICS THAT FIT THE JOB 


For more information, turn to Reader Service Card, Circle No. 415 
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Transparent Plastic Tubing 


An_ all-purpose, _ transparen 


tubing which is said to be resistant + 


most inorganic acids and alkalis and ; 
many organic chemicals has been rnarket, 
by American Hard Rubber Co Wort 


St.. New York 13. 
temporary or permanent fluid lines w) 
easy-to-handle, sturdy, flexible tubing 
required, Ace-Flex is said to be inert 
odorless, non-toxic, and well-ageing 


Designed 


The smooth, non-tacky finish of 
tubing simplifies cleaning and it may b 


steam sterilized. It is said to be light 


weight, abrasion-resistant, and _ retain 
clear transparency throughout its lif 
Ketone type cement may be used 
weld permanent joints. Standard avai 


able sizes range from 0.120 to 1 in. id 


Suggested applications for the tubing 
include chemical and medical laborat 
tubing, surgical tubing, electrical insu 
tion, conduit, grommets, battery tubing 


coolant systems, lubricating 


tubing for 
systems, paint sprayers, air lines, instr 


ment tubes, etc. 


Vapor Degreaser Redesigned for 
Efficiency and Versatility 


Some of the features said to be 
cluded in the new Metalwash Improv: 
Design Vapor Degreaser are: obstructi 
free tank walls, recessed condensing co! 
removable pump chamber and water s¢ 
arator made of solid stainless steel, 
end maintenance, and demand type con 
trol of water into the water condensing 
system. The unit has been marketed by 
Metalwash Machinery Corp., 901 Nort! 
Ave., Elizabeth 4, N. J. 

The condensing coil has been recessed 
into a back compartment and the solvent 
condensate trough has been replaced 5} 
a large sloped condensate tray also © 
cessed and directly underneath the con 
densing coil. 

The over-size water separator and pump 
compartment have been fabricated of solid 
stainless steel and welded to a flanged 
plate to permit removal of the complet 
unit allowing periodic inspection of thé 
storage tank interior. This design perm’ 
the customer to convert the straight vapo! 
degreaser to a vapor spray degreaset 

All service connections and clean-0u! 
openings are located at one end the 
tank allowing the unit to be placec 19 * 
corner of the room; all service may then 
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OSTUCO 
TUBING 
is versatile! 





There’s practically no limit 
to the things OSTUCO can do 
with Seamless and Electric 
Welded Steel Tubing to help 
you produce lighter, stronger, better looking 
products at lower cost. Only a few of the op- 
erations are shown above. 

Newly expanded and modernized facilities 
for manufacturing, forging, and fabricating 
tubing, all in one plant — plus our own steel 
source as a member of the Copperweld family 





OSTUCO 
TUBING 
IS versatile! 










OSTUCO 
TUBING 
is versatile! 


OSTUCO —i 
TUBING 
is versatile! 


—speed deliveries, assure highest quality and 
save you money. 

Tubing is our business, not a side line. 
OsTuco’s unique “Single Source’’ operation, 
with unified production control, eliminates 
shipments from one location to another . 
greatly reduces rejects... prevents errors... 
puts an end to buck passing and red tape. You 
write one order, get one bill, and responsibility 
is clearly fixed. Write for informative catalog, 
“Ostuco Tubing.” 





From Your Blueprint to Your Product 


OSTUCO TUBING 


\ 
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OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company 
Manvifacturers and Fabricators of Seamiess and Electric Welded Steel Tubing 
Plant and General Offices: SHELBY, OHIO 











OSTUCT 





SALES OFFICES: Birmingham, P. O. af 2021 + Chicago, Civic Opera Bidg., 20 N. 
Wacker Dr. - Cleveland, 1328 Citizens Bldg. « Dayton, 51! Salem Ave. - Detroit, 520 
W. Eight Mile Road, Ferndale - Houston, P. O. Box 17007 + Los Angeles, Suite 300-170 
So. Beverly Drive, Beverly Hills * Moline, 617 [5th St. + New York, 70 East 45th St. 
Philadelphia, 2004 Packard Bldg., ISth & Chestnut + Pittsburgh, 1206 Pinewood Drive 
St. Louis, 1233 North Main St. + Seattle, 3104 Smith Tower + Syracuse, 2350 Bellevue 
Ave. + Tulsa, 245 Kennedy Bldg. * Wichita, 622 E. Third St. + Canadian Representative: 
Railway & Power Corp., Ltd. 


For more information, turn to Reader Service Card, Circle No. 407 


















































) of High Alloy rings for jet 
Sw es engines ... we did the casting and 

rough finishing and the customer did the cutting and 
final finishing. 


Centrifugally cast metal gives an exceptionally fine, dense, 
uniform grain structure. The strength of the metal ap- 
proaches that imparted to a bar or ingot when it is hot 
forged. It produces an ideal metal for the tough service 
required of jet engine parts. 





Incidentally, as evidence of our knowledge of and experi- 
ence with tough alloy castings — static as well as centrifu- 
gal — the records show very few rejections by this engine 
manufacturer who subjected each of the many rings we 
furnished to his own very rigid tests. 


May we suggest that you let Duraloy work on your high 
alloy castings — chrome iron, chrome nickel or nickel 
chrome? We have the experience and facilities for turning 
out high quality castings. 


- wre 
A 


UT company 


é 5 * 


For more information, turn to Reader Service Card, Circle No. 425 




















New Engineering 
Materials 


— 











accomplished without moving 
trom its original position [he 
ondensing system, when used 
properly located automatic water t 
ture regulator, minimizes the fo: 
yf atmospheric moisture, thus 
the possibility of hydrolysis with 
greasing solvent 

[he automatic water temperature reg 
ulator is so installed that maximum 
is required only at times of max 
heat input, when no work is ing 
cleaned. Work introduced into the d 
greaser results in the regulator throttling 
down so that only the proper amount of 
water is sent through the cooling systen 
According to the company, this may r 
duce the water consumption as mud 


as 75% 





_ 


New Alnico Alloy Offers High % 
Energy Product 


A new Alnico alloy offering an energy 
product of 5.70 x 10° Bd Hd and desig 
nated Alnmico 5Cb has been developed by 
Thomas & Skinner Steel Products Co 
Inc., Indianapolis. According to the com 
pany the new alloy is similar to Alnico ‘5 


in physical characteristics but offers con 
siderably higher external energy and res 
idual reduction. It is designed for el 

trical, electronic and industrial applica 


tions where weight and space reductions 


might be of advantage in product design 


H 
{Ty 
Ww 
Be 
D 
C 
Tl 
Si 
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Reverberatory Furnaces for 
Aluminum, Brass, and Magnesium 


Two new reverberatory furnaces for 
aluminum, brass and magnesium have 
been developed by D.C.M.7T. Sales Corp., 
164 Duane St., New York. The DCMT 
AR/200 and the DCMT AR/500 have 
capacities of 200 and 500 Ibs of aluminum 
respectively. They take up a minimum 0! 
floor space and heat control is accom 
plished through an air control valve to 
the combustion chamber. This will in no 
way affect the atmosphere in the furnace, 
which is preset upon installation via 4 
flue gas analysis, the company claims 

The use of a reverberatory type furnace 
effects a saving in gas consumption ovet 
a crucible type furnace since no heat 's 
lost through radiation from the open 
surface of the metal. In addition, ‘0° 
flame is directed on the metal itsc!! 
rather than heating a pot which in turn 
heats the metal. 
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INTRODUCING QOQQQreryeereOOY, 


EYNGCELL 





HERE ARE ITS PROPERTIES: —_ | 

(Typical, based on 4” thick panels. Comporably favorable properties apply to other thicknesses.) 
Weight—1.46 Ib/sq ft 

Bending Strength— 180 Ib/sq ft of uniformly distributed load on 8’ span 

Deflection— 4%” with 47 tb/sq ft of uniformly distributed load on 3’ span 
Crushing Strength—70 psi 

Thermal Insulation (U factor)—.135 

Sound Transmission Loss—31 decibels 

Fire and Moisture Resistant—Fungus and Pest Proof 














WHERE CAN YOU USE IT? 


Standard Reynocell panels with .024” stucco embossed aluminum 
facings are available in sizes up to 4’ x 16’ with thicknesses from 
1” to 4” and with five types of edges. Modifications are possible 
subject to special inquiry. Reynolds engineers are already work- 
ing with a number of manufacturers on applications of this amaz- 
ing new product and are available to assist your designers. Write 
for more complete information and specifications. Reynolds Metals 
Company, 2560 So. Third Street, Louisville 1, Kentucky. 


See "Mister Peepers” Sundays on NBC-TV. Consult local listing for time and station. 





+ T.M. registered 





MOODER N DES IGN HAS ALU MIN U M iN M 


For more information, turn to Reader Service Card, Circle No. 458 
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REYNOLDS 9% ALUMINUM 
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you can CUT COST 





Conserve Critical Metals 

; 

° 

t— Eliminate Tooling 

‘ 

? 

Eliminate Machining Operations 
; 

. Save Time... Speed Production 
Conserve Manpower 

Release Equipment and Floor Space 
Engineer for Better Design 

: 

: 

t 

: 





Microcast, for the most part, is a nonmachining 
process. Parts of intricate design which would 

be cestly to produce by conventional methods can be 
economically cast by MICROCAST. Also, it is economically 
possible to specify the use of high-melting point 

alloys in small, intricate parts where resistance to 

heat, wear, and corrosion is required. 


Write for fully illustrated Microcast booklet; also for information 
on color movie on Microcast available for your showing. 





when you plan with 


in mind 





microcast 
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MICROCAST DIVISION, Austenal Laboratories, Inc. 


224 E. 39th Street, New York 16, N. Y. 
7001 South Chicago Avenue, Chicago 37, Ill. 


The Original Process 
for Mass Producing 
Precision Investment 
Castings 


For more information, turn to Reader Service Card, Circle No. 359 
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[he units come as packages, w ey 

r compressors mounted direct \ . 

the furnaces. All air, gas and \ 
ontrols are mounted at the sid © 
‘ 


housing 


Under ordinary use, according 


company, the two furnaces will funct 
for at least eighteen months bet 


bricking is necessary, and supplied wit 
the units is rebricking material and 

set of formers so that rebricking an | 
done on the premises in a relatively shor 
time. 


Small Electron Microscope 
for Industrial Processing 


A new Philips Electron Microsc 
(EM-75) at about half the cost and wit 
about half the power of the large Phili 
unit (EM-100) is now available fron 
Research & Control Instrumen D 
Fulton Ave., Mount Vernon, N. Y. Su 
able for analytical work in industria 
processing, research, medicine, patholog 
and biology, the new instrument utiliz 
an electron-optical system that includ 
condenser, objective and projector lense 


Magnification is continuously adjustabl 
between 1500 and 15,000 dia and r 
solving power is said to be better than 
100 Angstroms under average operating 
conditions. The unit has a magnet 
stabilizer for high voltage and lens cur 
rents, the electron gun is -self-biased, anc 
is equipped with an emission mete! 
The V-shaped filaments are easily replaced 


The electro-magnetic deflection method 
is used for beam alignment and focusing 
is facilitated by means of a beam wob- 
bler. Specimen carriers for Ye in. dia 
grids and plates are available and ! 
specimen airlock is utilized to obtain 
quick working cycles. Stereoscopic ¢xp0 
sures can be made by tilting the specimen 
carrier 15 deg without breaking the vac 
uum. Diameter of the fluorescent screen 
is 4¥g in.; diameter of image 344 1. 
and a supplemental 2x optical magnet 
is available that fits into place on the 
column. A camera using 35 mm sta lard 
film is employed on the microscope 4n¢ 
each loading permits the making of ‘pi¢ 


MATERIALS & METHOD 
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p> see BERS “* STANDARD FABRICS 
Wide, Sail-and Army Duck 
Double and Single Filling 
UNIFORMITY MAKES _ Hose-Belting and Shoe Duck 
THE BIG DIFFERENCE oo 

Dryer Felts 
Narrow and Wide Drills 


Twills 





Determining Yarn Tensile Strength 
with 300-lb. vertical test. 


One of a series of compreliensive 





laboratory controls through- Z - 
out production to assure Za 





uniformity in all Mt. Vernon- 
Woodberry products. 





Ut. Vernon -Woodberry Wills 


TURNER HALSEY 


° . P Oy 3 Tr Age U4 
Branch Offices: Chicago * Atlanta ve _ 


40 WORTH ST NEW YORK 
Baltimore * Boston + Los Angeles 
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of hydrogen and nitrogen for metallurgical 
uses. 


You get 4500 cubic feet of mixed gases 
when one 100-pound cylinder of Barrett® 


Brand Anhydrous Ammonia is dissociated 


= ————— 


at normal temperature and pressure. Or 
approximately 3375 cubic feet of hydrogen 


and 1125 cubic feet of nitrogen. 


Properly working cylinder valves insure 
trouble-free use when cylinders reach you. 


SS ——=—— 


Fast delivery service of ammonia in 150, 
100 and 50-pound cylinders. Coast-to-coast 


eR 


stock points and an adequate supply of 


cylinders make this possible. 


Free technical help from men specially 


trained in the use of anhydrous ammonia 


RI 


for metal treating. 





ae 


All of this adds up to greater savings, 
better service and better performance for 
you. Write for your free copy of a new 
booklet, “Guide for the Use of BARRETT ® 
Brand Anhydrous Ammonia in Cylinders.” 








Always specify Barrett® Brand 
Anhydrous Ammonia—the brand 
with the bright green cylinder caps. 


ALLIED CHE ICAL & DYE CORPORATION 


40 RECTOR STREET, NEW YORK 6, N. Y. 





For more information, turn to Reader Service Card, Circle No. 375 
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sequential exposures without br: 


vacuum 


The instrument has two pum, 
rotary pre-vacuum unit and the other , 
oil diffusion unit. Vacuum obtainable ; 
10°* mm of mercury and an ionization 
with neon tube is employed for 
ment. A exact determinat 
obtained by switching the emission 
ammeter over into the circuit of the gag 
The Philips EM-75 is approximate); 
| 74 in. high, 37 in. wide, and 25 j; 
deep. Power supply-is 220 v, 50 


Rag 


more 


n 
Li 


cycles and power consumption is aboy 
1 kw. 


| Portable Plater Uses Novel 
| Agitation Unit 


A “jet” agitation action eliminates 
mechanical agitation as well as motion 
which move the work in the new Jet 
Plater marketed by Sel-Rex P» 
Metals, Inc., 229 Main St., Bellevi 
N. J. The unit is said to also incorporat 
all the necessary equipment for mass pr 
small scale laboratory pilot 
plant plating of precious metals 


duction or 


The standard Jet Plater models 
10, 20, or 30 gal capacity tanks and ar 
designed for high speed plating with tl 
Sel-Rex Bright Gold Process and Bright 
Silver Sol-U-Salt bath. The unit can be 
furnished with a rubber-lined or koreseal 
tank for use with acid solutions. Accord 
ing to the company, the unit can be 
used for still plating or can be fitted 
with a portable barrel for barrel plating 
operation. 

Automatic in operation, the unit con 
sists of a Sel-Rex Selenium Rectifier with 
an automatic timer, of the proper output 
rating for the tank size; a stainless steel 
tank, which can be used as the anode, 
with a water compartment for temper- 
ture control; a movable work rack, which 
will accommodate a portable plating bar- 
rel; a stainless steel filter; a polyethylene, 
drip-proof pump powered with a 4 hp 
motor; and a “safety” tank under the 
plating tank, pump and filter in case 0! 
leaks or accidental spilling. 

As well as the standard size tanks, 


larger ones up to 100 gal can be built 
to specification. 
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No. 58 Sunnen 
External Hones 


No. 60 Sunnen 
Honing Case 
Histories 





SUNNEN PRODUCTS CO. 
955 Manchester Avenue, Saint Louis 17, Missouri 
Conodion Factory: Chatham, Ontario 


DECEMBER, 1953 










For more information, turn to Reader Service Card, Circle No. 465 
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7 FREE 
BOOKLETS 


Can Help You... 


Y Produce Accurate Internal Diameters 















VY Produce Accurate External Diameters 
V Reduce Assembly Time 
Y Cut Production Costs on Internal Finishing 


Y Get Absolute Interchangeability of Parts with 
Precise Fits 







Vv 
V 


Get the Accuracy of Lapping in 1/5 the Time 


Eliminate Selective Fitting 


Wie ® 
SURNEN HONING Has Solved Such 


Problems For Hundreds of Other Companies... 
and may be the solution to some of your 
production headaches. 


If your problem is how to meet newer, more exact 
specifications on bores and shafts, you'll want thesc 
booklets. They tell you how alert manufacturers 
are improving their products by honing... making 
them last longer and run smoother and cooler... 
making higher speeds permissible... all by using | 
Sunnen Honing to produce smooth, accurate 
bushings and bores, as well as spindles, shafts, 
plungers and similar parts. 


Use the coupon for your FREE booklets — 
no obligation. 
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To: SUNNEN PRODUCTS COMPANY, 7955 Manchester Ave., St. Lovis 17, Mo. 
[_] Please send me all 7 of the booklets. 
Please send me the following booklets:. 
[] No.50 [] No. 51 ([]) No. 505 
[] No.55 [] No. 58 ([] No. 60 


(_} No. 57 
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about a prime 
source for 


CUSTOM ALUMINUM 


EXTRUSIONS 


and ROLL FORMED 





The R. D. Werner Company may > 
be your ideal supplier because... 


We’re big 
enough 


to handle the largest 
job. We have the know- 
how and the most modern 
production equipment in 


| 
: the world for producing 








custom aluminum extru- 
sions and roll formed 
shapes...also T4, T6 heat 
treating equipment. 








We’re small 
| enough 


to handle even modest assign-. 
ments with the care and indi- ’ 
vidual attention you want them to have. 


We’re alert 
enough 


to meet delivery dates 
promptly realizing that 
SERVICE is part of our job. 
It’s one big reason why 
our customer lists grows 
every day. 





Sc 





Try us and see if you don’t like 
the way we serve you— phone 
MU 6-2595 to discuss your par- 
ticular requirements...or write 


R. D. Werner Company, Inc. Dept.4-3 
295 Fifth Ave., New York 16, N. Y. 


Custom Extrusion and Roll Forming 


Aluminum or Stainless Steel 





For more information, Circle No. 379 
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TYPE HH ALLOY annealing retorts (three on left) compared with carbon steel (two op 
right). Type HH was used for its higher strength and high resistance to sulfur-containing 
atmospheres. Note scaling, loss in section thickness and lack of symmetry in the carbon 


steel retorts. 


High Alloy Castings 


in Heat Treating Equipment § 


by E. A. SCHOEFER, Executive Vice President, Alloy Casting Institute 


Choosing the proper alloy to meet particular service conditions 
can result in optimum life of heat treating equipment. Twelve 
cast alloy compositions have been classified by the Alloy Cast- 





Sse? sa 
ey 
Ries 


ing Institute as standard heat-resistant casting alloys and have 
been grouped as three distinct types. 


@ THE SELECTION OF materials in 
the construction of industrial equip- 
ment is complicated by the ever-in- 
creasing severity of the modern in- 
dustrial processes. In the heat 
treating industry the metal to be used 
in equipment components must be 
carefully chosen to maintain ee 
strength under conditions of high 
temperature and the resulting hot gas 
corrosion. Each piece of equipment 
must operate under certain conditions 
and it is the job of the materials 
engineer to select the alloy which 
will give optimum service under each 
specific condition. 

In continuous or intermittent ser- 
vice above 1200 F almost any atmos- 


Origit 
After 


phere tends to be corrosive, and this imat 
hot gas corrosion causes progressive 
scaling which can eventually reduce 
the sectional area of an exposed 
structural element, with a consequent 
loss of load-carrying ability. For con- 
ditions of this type there is a group 
of twelve cast alloy compositions, 
classified by the Alloy Casting Insti- 
tute as the ‘““H”’ series, which have 
the particular properties necessary to 
meet these service requirements. 
These are the chromium-nickel-iron 
cast high alloys (containing more 
than 8% alloy content) which have, 
in turn, been broken down into three 
distinct types, each of which is suited 
to specific applications. 

(Continued on page 196) Fl 





For more information, Circle No. 485 > 
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springs that dort get tired! 


“SEVERE SERVICE" 
PROBLEMS WITH 


ELGILDY 


AIRCRAFT INSTRUMENTS 


OF I ilele-hd-tem-Jelalal-4-me)i 
C1) MOD MUl1-10 Ml ol-1er-101-1-Me) 
ELGILOY’S resistance to set. 





REFRIGERATORS 

Springs are made of ELGILOY P 
fol lelale4-1anibi-mlam (eler-halelal-mi-> deles-y: 

Com ore) aces-}(e])alelae)®)(-1a8l-e 


CHEMICALS 

Valve actuating springs of 
ELGILOY resist corrosive action q 
ronal -Jaallor-] Mast-hG-1at-1h-e 


ENGINES 

Flapper valve resistance to fatig 
Vialel-lam->.4eles-J0ig-mm Comm ale) @mmeelages-ih 
exhaust gases is increased by 
ELGILOY. 


MUNITIONS 

















Recoil spring for guns made of 


ELGILOY springs coming off an automatic spring coiler ELGILOY to absorb the repeated 
in the Chicago plant of the American Spring & Wire impact of recoil without 
Specialty Company fatigue or set. 


SCALES 
ELGILOY provides the strength 
eTalemals> dieliiiemcomaat-L.¢-m eal lame-ver-)(- 
ol e-ba@ey-lalel-me)MI-)-jelal-a-leeitie-10 2 





Leading manufacturers of springs, instruments, valves, 
cameras and chemical processing equipment are 
finding the answer to tough material problems in VALVES 
ELGILOY. Highly resistant to corrosion, set and fatigue, 
it has withstood over 1000 hours of salt spray 
exposure* without evidence of corrosion. 


Originally, these two springs we ientical. Available for general industrial use in flats and rounds, 

After testing, the ELGILOY spring (top) took =F 11 Ov can be blanked, formed, soldered, brazed or 

a sat of lees then 2% compered 1 —— welded. See how ELGILOY can meet your ‘severe : 
imately 107% for the music wire spring’ 1-4» requirements . . . write today for information N(Slmelia-liemuriiiies 


oe oe more facts on ELGILOY.. 
*Tests performed at 100% relative humidity, 20% salt 
spray at 95° F. 


Tammerelahece)iiial-ameat-mmilelv ame) mmoialielals 
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Prost. 


Li te 
Trade-Mark 





made to your specifications by ~Z¢sece 


Leaders 
of the Field 


for Almost 





Half a Century 





Prest-Q-LirEe cold-drawn shapes and shells can be quickly and economi- 
2 cally produced to your most rigid specifications—from 1% to 23 inches 
in diameter and up to 50 inches in depth. Our greatly expanded, well- 
equipped plant has every modern manufacturing facility and is manned 
by a thoroughly experienced, highly specialized staff—prime requisites 
of a quality product. 
LINDE engineers will gladly help you solve your production and design 
problems involving cold-drawn shells, cups, containers, receivers, pressure 
vessels, formed parts, or other shapes. Mail us the coupon today. 


The term “Prest-O-Lite”’ is a trade-mark of Union Carbide and Carbon Corporation. 


LINDE AIR PRODUCTS COMPANY 


A DIVISION OF UNION CARBIDE AND CARBON CORPORATION 
30 E. 42nd St., New York 17, N. Y. [dg Offices in Principal Cities _ 
In Canada: DOMINION OXYGEN COMPANY, Limited, Toronto 








Linde Air Products Company $50 
30 East 42nd Street 
New York 17, N. Y. 


Please send complete information about cold-drawn shapes and shells. 


NAME 





COMPANY 





ADDRESS 





For more information, turn to Reader Service Card, Circle No. 397 
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High Alloy Castings 
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TYPE HD ALLOY was selected for these 
recuperator castings for Thermal Transfer 


Corp. because of its moderate strength 
and its resistance to practically every type 
of hot gas corrosion. 


Moderate Strength—Excellent 
Corrosion Resistance 


The first type is an iron-chromium 
alloy containing up to 30% chro- 
mium and under 7% nickel (Types 
HC and HD). Type HB alloy, con 
taining only 18% chromium and use 
ful only up to 1500 F is at times also 
included in this group. These fer 
ritic alloys offer excellent resistance 
to oxidation and sulfur-containing at 
mospheres, although they have mod 
erate hot strength. 


A good example of the use ol 
these alloys in heat treating applica 
tions is in the casting of recuperators, 
where properties of the alloys meet 
the requirement for resistance to hot 
gases while needing only moderate 
strength properties. The recupera- 
tors are usually installed in waste gas 
flues to recover the heat to be used 
for pre-heating air. In this particu- 
lar application, strength requirements 
call for an alloy of somewhat better 
mechanical properties than Type HC, 
so Type HD is used. This alloy, con- 
taining 28% chromium and 5% 
nickel, can be used for applications 
where moderate stress is encountered 
up to 1400 F, and for somewhat 
lighter load-bearing duties up to 
2000 F. Because of the high chro- 
mium content, Type HD resists ox'- 
dation and is especially useful in high 
sulfur-containing atmospheres. 


(Continued on page 198) 
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Production costs cut 90%. 






WITH GRAY IRON 































Gear cover fabricated from nine pieces. Made entirely in green sand, the Gray Iron castings were 
Arrows show cut-outs. produced at one-tenth the cost of fabricated gear cover. 





Matchplate and gear cover. 


Formerly, nine separate pieces were shaped and 
welded into a fabricated gear cover for a braiding 
machine. Then, the manufacturer redesigned 
the gear cover for production in Gray Iron. 


The finished and machined casting cost less 
than 10% of the production cost for the fabri- 
cated piece. This saving quickly paid for 
pattern-equipment costs . . . netting a 90% 
saving on all parts thereafter. By redesigning 
for Gray Iron, the manufacturer not only made 
substantial savings, but obtained the advan- 
tages of a streamlined, vibration-absorbing 
gear cover. 

Look at the structural and functional re- 
quirements of your fabricated parts. You can 
undoubtedly use the unique characteristics of 
Gray lron—and the economy offered by this 
casting process. Why not write us for more 
information? 





GRAY IRON CHARACTERISTICS INCLUDE: 


Castability Low Notch Sensitivity Corrosion Resistance 

Strength Wear Resistance Durability 

Rigidity Heat Resistance Vibration Absorption 
Machinability 






MAKE IT BETTER WITH GRAY IRON 
75% of all cast metal products are Gray Iron 













NATIONAL 


C/ITV-E. 6th BLDG, CLEVELAND /4, OH/O 






For more information, turn to Reader Service Card, Circle No. 327 
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Make Your Products 
Tough... Durable... Safe 


The ability of malleable iron 
castings to stand up under impact 
and shock plus their resistance to 
atmospheric corrosion make them 
exceptionally valuable for products 


that must be rugged and durable. 


Malleable’s excellent machineability 
and ability to be cast close to 

final form greatly reduce machining 
costs. Take advantage of malleable’s 
product-improving, cost cutting 
properties. Call a malleable 

foundry and go over your products 
with their engineers. Find out 

how their skill in designing and 
producing malleable iron castings 


makes better parts at lower cost. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





Original Casting 





Battered 
out of shape 


This Extension Ladder Hook was 
hammered out of shape to show 
how tough malleable iron with- 
stands severe impact and distor- 
tion without breaking, assuring 
safe operation of critical parts. 


Send for “Malleable Iron Facts’’, useful information on 


malleable iron properties and uses. Just write to 
Malleable Founders Society, Union Commerce Building, 
Cleveland 14, Ohio, 





1800 Union Commerce Building 





Cleveland 14, Ohio 


For more information, turn to Reader Service Card, Circle No. 443 
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Good Strength—High Corros on 
Resistance 


The second type of alloy « 


is the iron-chromium-nickel 

containing 18 to 32% chroiniun 
and 8 to 22% nickel, with high 
chromium than nickel ten! 


(Types HE, HF, HH, HI, HK, an 
HL). Partially or fully austeniti 
these alloys have greater high tem 
perature strength and ductility thar 
the straight iron-chromium group 
will withstand greater loads and 
temperature cycles, and can be used 
in sulfur-bearing, oxidizing and re 
ducing atmospheres. 

Annealing retorts cast of this type 
of alloy have replaced retorts previ 
ously made of seamless carbon steel 
tubes. These retorts are used to pro 
tect high speed tool steel from com 
bustion products in hood type fu 
naces heated by anthracite producer j 
gas of high sulfur content. «It was 
found that at the high temperatures 
used in the furnace, the HH alloy 
(24 to 28% chromium and 11 to 
14% nickel) had the necessary high 
strength, ductility and corrosion r¢ 
sistance to give excellent service 
With the seamless carbon steel pipes 
previously used, scaling, flattening, o1 
deformation caused replacement afte: 
approximately 500 cycle hrs, or abou 
16 passes through the furnace. With 
the cast HH alloy, annealing retorts 
have now been installed for 3! 
years and are reported to be still i 
good condition. Since the alloy r 
sists the high sulfur content of fur 
nace gases, there is little scaling, and 
the retorts have retained consistenc; 
of wall thickness, insuring uniform 
annealing of the load of tool steel. 
No loss of symmetry has been de- 
tected in the retorts, allowing maxi- 
mum capacity loading of the fur- 
naces. Bayonet plug ends, also cast 
of the same alloy remain gas-tight 
and easy to handle. 


Excellent Strength—Moderate 
Corrosion Resistance 


The third type of alloy is an iron- 
nickel-chromium analysis containing 
from 30 to 70% nickel and 10 to 
20% chromium (Types HT, HU, 
HW, and HX). These alloys are 
fully austenitic, maintain excellent 
hot strength in applications up (0 
2100 F, and have good life uncer 
rapidly fluctuating temperatures. T'\¢} 


MATERIALS & METHODS 





















partners 
in the manufacture of SPECIALTY VALVES 


In every branch of the chemical process industries 


where the control of corrosive or abrasive fluids is 





a problem, it takes many types of specially engin- 
eered valves to do the job right. From the very begin- 
ning, Cooper Alloy design and foundry engineers 
have worked hand in hand with manufacturers of 


’ specialty valves to insure the production of stain- 





less steel components that could be relied upon. 

If you design or manufacture control, safety, relief, or 

other special stainless steel valves, we invite you 

| he to share our know-how and experience. Write for your 
free copy of “Thirty Years of Progress”, a booklet 


designed to give you a quick glimpse of our facilities. 


af 2 fee eee ee le 


COOPER ALLOY §| 


THE COOPER ALLOY FOUNDRY CO. e HILLSIDE, N. J. 
Los Angeles. San Francisco. Oakland. Houston, Chicago. Detroit. Philadelphia. Hartlord 
Leading producers of STAINLESS STEEL valves, fittings and castings 





(1) Please send your new booklet “Thirty Years of Progress” 


(1) Please have your representative call. 


Name Position ——_—_ 








Company a ve a 








Address . SS ee 





City ——_$_______— — Zone ——_—_—_—__ State — 
’ 





For more information, turn to Reader Service Card, Circle No. 470 


DECEMBER, 1953 199 








Whistler Adjustable and Magnetic 
Perforating Dies are 

Stepping up production for 

over 1,000 manufacturers 















SIMPLIFY 
COMPLICATED 
PIERCING 
OPERATIONS 



































SE WHISTLER Adjustable and 
Magnetic Dies for perforating, 
notching and slotting sheet metals 
...fast, accurate and cost cutting. 
Complicated patterns can be set up 
quickly. Hole arrangements can be 
changed in the press...without wait- 
ing and at no extra cost. New HU-50 
units, that pierce at 90° angle, can 
be used in conjunction with standard 
perforating equipment. Fewer press 
Operations are necessary. 

Re-use the same dies in different 
arrangements on many jobs. Punches 
and dies are interchangeable. 
Whistler Adjustable Dies can be used 
, od ese every type press. Stand- 
Tee i ee ard sizes and shapes of punches and 


: ; histler Dies ° ‘ ‘ A 
the ai job ering erations. dies available up to 3 inches. Special 
often saves 


sizes and shapes to order. 


S. B. WHISTLER & SONS, Inc. 


756 Military Road 
Buffalo 23, New York 





For prices and application 
data on this modern way to 
speed production and cut 
unit costs, write for these 
illustrated Whistler catalogs. 





For more information, turn to Reader Service Card, Circle No. 366 
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TYPE HT ALLOY is used in this muffle sec. 
tion because of its resistance to carburizing 
atmospheres and excellent strength at high 


temperatures. 


withstand reducing and oxidizing at 
mospheres, do not carburize exces 
sively, and do not take up nitrogen 
in a nitriding atmosphere. However 
the high nickel content makes this 
group unsuitable for use in atmos 
pheres containing substantial amounts 
of sulfur. 

Due to these properties, this type 
of alloy is particularly suitable fo: 
applications in gas carburizing facil; 


ties as illustrated by muffle sections 
for modern mechanized furnaces. In 
high volume gas carburizing, the 


muffles usually function in a tem 
perature range of 1650 to 1800 | 
while the analysis of the gas used is 
approximately 33 to 35% hydrogen, 
20% carbon monoxide, up to 7% 
ammonia, the balance being a carrie 
gas with about 40% nitrogen. Since 
under these conditions sulfur cor- 
rosion is not a problem, Type HT, 
containing 33 to 37% nickel and 13 
to 17% chromium (including up to 
1.25% silicon for increased resistance 
to carburization) was selected. As 
in all high nickel types, the alloy 1s 
fully austenitic and notable for excel! 
lent hot strength. 

Since within each of these three 
classifications there are several alloys, 
each possessing slightly different 
properties, expert evaluation of ser- 
vice conditions is advisable. It 1s 
wise, therefore, to consult a metal- 
lurgist at one of the foundries spe- 
cializing in high alloys, to be assured 
that the completed casting will have 
the characteristics necessary for op- 
timum performance. 


MATERIALS & METHODS 
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THERE IS A SUNBEAM STEWART INDUSTRIAL FURNACE FOR EVERY NEED 
GAS ¢ ELECTRIC « OIL 





HARDENING, QUENCHING SS 
AND DRAWING UNIT 


STEWAR]| 


THE BEST INDUSTRIAL FURNACES MADE 





¢ Longer furnace life * Greater production 
¢ Lower operating cost 


As a division of Sunbeam Corporation we have the opportunity 

im of working with our furnaces in the production of Sunbeam 
appliances, lawn sprinklers, sheep shears, animal clippers, etc. 
In manufacturing our own products, we must contend with 
practically every heat treating problem faced by industry—a 
position unique in the furnace manufacturing field. 


This experience with our own furnaces in large volume pro- 
duction enables us to render a service to you far beyond other 
manufacturers. That is one reason why Sunbeam Furnace instal- 
lations have been so successful. They are based not only on 





furnace engineering ability, but on practical experience under 
actual operating conditions. We have learned through actual 





experience the factors that give longest furnace life ... greatest 
production... best quality ...and lowest operating cost. 

Our highly trained technical staff of furnace engineers who 
for over 50 years have built furnaces for the leading com- 





panies throughout the United States and abroad are qualified 
to recommend the correct type of furnace to meet 
your requirements. 


Defense requirements can be 
met efficiently with proven Sun- 
beam heat treating equipment 


A letter, wire or ‘phone call! will promptly 
bring you information and details on Sunbeam 
Furnaces, either units for which plans are now 
ready or units especially designed to meet your 
needs. Or, if you prefer, a Sunbeam Stewart 
engineer will be glad to call and 

discuss your heat treating problem. 













SEMI-MUFFLE AND FULL MUFFLE 


RECIRCULATING OVENS 


FURNACES 






Aunbeadm CORPORATION (industrial Furnace Division) 


Main Office: Dept. 111, 4433 Ogden Ave., Chicago 23—New York Office: 322 W. 48th St., New York 19—Detroit Office: 3049 E. Grand Bivd., Detroit 2 
Canada Factory: 321 Weston Rd., So., Toronto 9 





For more information, turn to Reader Service Card, Circle No. 481 
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Here’s what 


LAMINATED PLASTICS 


is doing for textile production! 


A leading textile manufacturer wanted a material for spinning buckets 
that would resist acids and withstand vibration at all operating speeds. 
MICARTA proved to be the answer. From this manufacturer the use of 
MicarTA has spread to textile mills all over the world. 


What can Micarta do for you? 


You may be looking for a material that won’t snag or cast off con- 
taminants on expensive spinning runs. Perhaps you need something 
light, strong and able to stand up to repeated shocks or corrosion or 
abrasion. Whatever your problem is, there’s an excellent chance that 
the answer lies in MicARTA. This versatile material is already solving 
hundreds of varied textile problems for others. Why don’t you take a 
look at the broad range of MICARTA qualities? 


For the complete story on this proven material fill out the coupon 
below. 


you can BE SURE... 1¢ ns Westinghouse 


Westinghouse Electric Corporation 
MICARTA Division, Trafford, Pa. 
Attention: L. A. Pedley 


Sir: (Please check one) 
|_| Please have your representative call 


|| Please send me the complete facts 
on MICARTA 


micarta 
is basic! 





Name : Company — 


Address 


City Zone___ State 


J-06513 





ENGINEERS 
COMPANIES 
SOCIETIES 





News of Engineers 


L. F. Hickernell, chief engit 
conda Wire & Cable Co., has 
| pointed chairman of the Techni p 
|gram Committee for the Winter ¢ 
| Meeting of the American Instit 
| Electrical Engineers 


ner 


| Dr. George Gerard has b 

| pointed assistant director, Research Dj 

| New York University College of Engi, 
eering. 

| Thaddeus Augustyn has been 


| vice president, American Research Cor 


| Dr. P. W. Bakarian has been named 


| plant manager of Cramet Inc. 


| Dr. E. S. Towland, chief metallurgis 
|Dr. O. J. Horger, chief engineer, an 
Dr. C. L. Clark, research metallurgi 
engineer, Timken Roller Bearing ( 

| were recently awarded citations fron 

| University of Michigan. The three 
were among the 241 distinguished alu 

| of the University to be honored at a 

| vocation in Ann Arbor. 


| 
| 
| 
| 


L. Gerald Firth, internationally know: 
pioneer and authority on specialty stee! 
and sintered carbides, has retired as vic 
president and director of research for Firt! 
Sterling, Inc. after 39 years of servic 
with the company. 

Thomas A. Norton, Jr. has been aj 
| pointed supervisor of standards and Rich- 


|ard A. Hassell, standards engineer, H: 
daille-Hershey Corp., North Chicago D 





John E. Caskey has been elected a 
| president of United States Rubber Co. and 


| general manager of the company’s Nauga 


ers Chemical Div. George R. Vila, 


will become assistant general managet 


Thomas D. Nast has been el 
president of All-State Welding Alloy 
Co., Inc. 


Frank A. Peschl has been appointec 
director of engineering, Olin Industries, 
Inc. 


J. Stuart Franklin has been appointe: 
supervisor of General Electric Co.'s Light 
ing and Rectifier Dept., Photometric Lab 
oratory. 


Isaac F. Kinmard, manager of engi 
neering for General Electric Co.’s Meter 
and Instrument Dept., was awarded an 
honorary Doctor of Science degree during 
recent convocation ceremonies at Queens 
University, Kingston, Ontario, Canada 


Dr. William D. Coolidge, former vic 
president and director of research [0! 
General Electric Co., was recently on 
ored on his 80th birthday by more than 
100 friends and associates at a reception 
and dinner at Nela Park. Dr. Coo!:agt 
is a world-famous scientist whose disco’ 
eries have given to society the moJern 
lamp bulb, X-ray tube and other ©! 


iC 
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@ SIMPLIFY MAINTENANCE 


Stainless Steel Tubing 


.008'' to |’ OD (Also Nickel, Monel and K-Monel) 
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N will Tubing 
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KP Capillary Tubing 
(and Platinum Group Alleys) 7 
VA me \ Fabricated Stainless 
Hypodermic Tubing Steel Tubular Parts 


velnesinny Ware Sheet Gauze 


> oe 
\ Se and Pe. 


sania 














LOOK FOR US AT 
BOOTH NO. 809 
THE CHEMICAL SHOW e PHILA. 
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Malvern, Pennsylvania 
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Stimulate your salesmen and stir up 

fresh interest among your customers by 
announcing new product advantages that 
make your item a better value than ever before. 


You can do it the same easy way hundreds of other manufacturers 
have used successfully—by replacing a heavy cast, forged, or weld- 
ed pipe part with a lightweight Hackney seamless drawn part. 
Hackney Deep Drawn Shapes and Shells give your engineers an 
opportunity to come up with advantages such as these: 


Closer Tolerances 

Greater Strength 

Extra Durability 

Vibration Resistance 

Streamlined Contours . 
Seamless Construction 

Lower Unit Costs 







Hackney Deep Drawn Parts take 
shapes like these—and many 
others—in sizes from one quart to 


Hackney 150 gallons. 


Write today for full details. 





Pressed Steel Tank Company 


Manufacturer of Hackney Products 


1442 S. 66th St., Milwaukee 14 ° 1319 Vanderbilt Concourse Bldg., New York 17 

241 Hanna Bidg., Cleveland 15 e 936 W. Peachtree St., N.W., Room 111, Atlanta 3 

208 S. LaSalle St., Room 788, Chicago 4 ° 559 Roosevelt Bidg., Los Angeles 17 
18 W. 43rd St., Room 11, Kansas City 11, Mo. 


CONTAINERS FOR GASES, LIQUIDS AND SOLIDS 


For more information, turn to Reader Service Card, Circle No. 510 
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News of Engineers @ ‘’ 





tronic tubes, the art of powds 
lurgy, and industrial cutting 


Robert L. Brownlee, manag: 
gineering administration, Carboloy Dep; 
General Electric Co., has been nam 
plant manager of GE’s Distribution A, 
semblies Dept. of the Industrial Poy, 
Components Div. 


Frank B. Nuelle, a member of ¢h, 





) ' 
engineering administration section at Ca, Its a F 
boloy Dept., General Electric Ci has designs 
been named manager of that sectio: 

David J. Jay, formerly with th proved 
craft nuclear propulsion project of Ger ance 
eral Electric’s Aircraft Gas Turbine Diy | 
has joined the company’s Carboloy Dept this sé 
as an engineer in the product and process 
development section. scientit 


Dr. Arthur G. Metcalfe, former meta! 
lurgist with the Deloro Smelting and 
Refining Co., Deloro, Ontario, has beer 
named to hold the rank of full resear 
metallurgist at Armour Research Founda 
tion, Illinois Institute of Technology 


C. A. Windsor has been named man 
ager of the Wire Equipment Div., Michi 
gan Oven Co. 





Ross B. Hopkins has been named 
plant metallurgist, Rodney Metals, Inc 


Raymond S. Perry has been elected 
president of the Federal Telephone and 
Radio Co. Mr. Perry succeeds Henry 
C. Roemer, who returns to the IT&! 
headquarters as vice president in charg: 
of the administration of the Domest 








Div. of IT&T. SUPE 

E. R. Rowley has been named presi Desic 
dent of Titanium Metals Corp. of Amer 
ica, a subsidiary of National Lead C vante 
and Allegheny Ludlum Steel Corp 

mack 

Max Jaenchen has accepted the a| 
pointment as chief consulting enginee! ity, é 
of Mannesmann-Meer Engineering and 
Construction Co. singh 

Dr. George M. Anderson has been a be 
named head of the Engineering Develop- —<——o 
ment Group, Edison Laboratory. 

Neal T. Williams has been assigned 
to the Edison Laboratory's physics te- 
search group. 

John L. Ham has been named director 
of the Metallurgical Research Dept., Na ; 
tional Research Corp. Mr. Ham assumes If it 
the position held by James H. Moore in w 
who became general manager of the com- devi 
pany’s wholly owned subsidiary, Vacuum 
Metals Corp. 

ne cm 


Percy C. Shaffer, chief engineer, The 
Cooper Alloy Foundry Co., will take 4 
six months leave of absence in order to 
assist the National Production Authority 
in the job of allocating nickel. 





Robert G. Gustavson has joined the 
Pastushin Aviation Corp., Engineering Since 
Dept., as project engineer in charge 0! 19] 
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ay You can benefit through SUPERIOR’S 
PRODUCT DEVELOPMENT SECTION ... 


It's a proven foundry service that 
designs for reduced costs, im- 
proved quality, service, appear- 
ance. Pioneered by SUPERIOR, 
this service deals only with 


scientifically assembled facts. 


HOW IT FUNCTIONS: 


} 


SUPERIOR Engineered Foundry 


Design assures you maximum ad- 


ll 


vantages of cost, performance, 


HT 


machining, assembly, weight, qual- 


il 


ity, appearance... any or allina 
single part... makes your product 


a better product. 


WHY NOT GET FULL FACTS ON HOW SUPERIOR'S PRODUCT DEVELOPMENT SECTION 
CAN LEAD THE WAY TO IMPROVEMENTS AND REAL SAVINGS FOR YOU? WRITE TODAY. 


If it can be cast, our service develops the best design Remember... correct design benefits both you and 
in which to cast it. If it shouldn't be cast, our service the foundry. Make your parts SUPERIOR Engineered 
develops the reasons why... right now! Foundry Products... steel castings to 30,000 pounds 


... malleable iron castings to 300 pounds. 


DETROIT 35, Ray T. Morris, 18050 James Couzens Highway 
SALES OFFICES: CHICAGO 4, Railroad & Industrial Products Co., 332 S. Michigan Ave. 
BUFFALO, Gibney-Coffman Corp., 2107 Kensington Ave. 


SUPERIOR STEEL AND MALLEABLE CASTINGS CO. 


~< BENTON HARBOR, MICHIGAN, U. S. A. 


1916 
Making Good Castings For Quality-Conscious People Since 1916 


For more information, turn to Reader Service Card, Circle No. 348 
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the first is stock... 


probably the largest stock of stainless plate in one location— 
produced to meet rigid chemical industry standards in a wide 
range of sizes, gauges and analyses. 


the second is delivery... 


the amount of diversified stock regularly carried at G. O. 
Carlson, Inc. assures fast delivery on all of the more active 
types and gauges. 


and that's not all... 


Special cutting equipment saves time and money where pattern cut stainless 
plate is required. 


Highly skilled employees work on your orders—it's right when it comes 
from Carlson! 


Complete-package orders—one order is sufficient for Carlson heads, rings, 
circles, flanges, forgings, bars and sheets (No. 1 Finish). 


Why shop around... call Carlson first! 


PLATES « FORGINGS © BARS « SHEETS (Ne. 1 Finish) 


THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


For more information, turn to Reader Service Card, Circle No. 345 





















































News of Engineers 


jettisonable fuel tanks, external 
and mechanism design 


Dr. James F. Eversole has by 
pointed vice president in charge 
search, Bakelite Co 


Dr. Raymond W. McNamee ha 
made manager of research administ;at; 
at Union Carbide and Carbon Corp. p, 
McNamee will help coordinate tl 
search activities of all of the co: 
laboratories where basic research and 
velopment is being done on alloys, chen 
cals, gases, carbons and plastics. 


Kenneth S. Goodyear has been 4 
pointed to manage a newly organized 
Plastics Div., Boston Woven Hose & 
Rubber Co. 


E. S. Chapman, formerly vice president 
and general manager, Clayton Manufa 
turing Co., has been elevated to the posi 
tion of executive vice president in charg, 
of all operations and Perry Arant has 
been appointed vice president in charg: 
of engineering. 


Max B. Mentley has been named vic: 
president of manufacturing and Ben F. 
Bregi, vice president of engineering at & 
National Broach & Machine Co. 


Fred R. Bayne has been promoted | 
the position of chief engineer at Alte: 
Foundry & Machine Works. 


Victor A. Spoehr, vice president and 
general manager of The H. M. Harper wy 
Co., has been made director of the Gen- 
eral Components Div., National Produc- 
tion Authority, U.S. Dept. of Commerce 


Cecil W. Humphreys has been ap- 
pointed vice president in charge of manu 
facturing for Shell Chemical Corp. 


Everett C. Schmactenberg has been 
appointed chief engineer of the Turbo- 
machinery Engineering Services at Worth 
ington Corp. Other appointments are 
C. J. Tullo as chief engineer of the Cen- 
trifugal Engineering Div. and Warren 
H. Fraser and William C. Krutzsch, 
Jr. as assistant chief engineers of the 
Centrifugal Engineering Div. 


W. W. Knight, Jr. has been appointed 
vice president, Barrett Div., Allied Chemi- 
cal & Dye Corp. 





Dr. Blaine O. Schoepfle, Leopold = 
A. Robillard and Dr. Samuel Gelfand = 
have joined the research and development 
staff of Hooker Electrochemical Co. = 


Dr. Otto Kardos has been appointed 
to the post of chief research electro- 
chemist by Hanson-Van Winkle-Munning 
Co. 


Dr. William E. Shoupp has been 
named assistant division manager in 
charge of development, Atomic Powe' 
Div., Westinghouse Electric Corp. 


Gordon W. Johnson has joined the 
research and development staff, Alloy !0- 
gineering & Casting Co., as associate 


MATERIALS & METHODS 


Now...you can bond 
metal to wood with 
assembly-line speed 


If you're laminating sheet metal or any other non- 
porous material to wood, take a careful look at this 
assembly line. 


It shows how you can do your laminating job in less 
than 2 minutes. Using a recently developed Arm- 
strong’s Adhesive, this new process eliminates the 
need for overnight curing and heavy equipment. 

The 60-foot laminating line shown here is typical. 
Alternate sheets of metal and plywood are sprayed 
with adhesive. Next, the adhesive film is dried in an 
infrared oven. A workman then assembles the lami- 
nates and guides them through a rubber-covered pinch 
roll. That’s all. If you wish, you can work or ship the 
laminated pieces immediately. 

No process could be more simple. There's no invest- 
ment in jigs, clamps, or hydraulic presses. You elim- 
inate the entire curing operation, too, saving both time 
and factory space. 


The new adhesive has very good spraying proper- 
ties, high dead-load strength, and great resistance to 
heat and water. It bonds stainless steel, fiberboard, 
aluminum, plywood, asbestos board, decorative lami- 
nates, and many other materials. 


Armstrong has developed many ways of solving 
difficult bonding problems and reducing conventional 
laminating costs. For help on any laminating job, call 
or write Armstrong Cork Company, Industrial Ad- 
hesives Department, 8012 Dunbar Street, Lancaster, 
Pennsylvania. In Canada, Armstrong Cork Canada 
Ltd., 6961 Decarie Blvd., Montreal. 


ARMSTRONG’S 
ADHESIVES + COATINGS + SEALERS 


by the makers of Armstrong's Linoleum 


For more information, turn to Reader Service Card, Circle No. 461 
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CHACE 
THERMOSTATIC 
BIMETAL 


the 


Honeywell 
“ROUND” 


A Product of Minneapolis-Honeywell, Minneapolis, Minn. 


The Honeywell Round, said to be the first really new idea in thermostats 
in years, uses a spiral thermostatic bimetal element to attain new precision 
in temperature control. 

The Honeywell Round, announced to users in November, is but 3% in. 
in diameter; the outer shell may be lifted off easily for painting to harmonize 
with the walls. The outer pointer indicating the temperature of the room is 
actuated by a second coil of thermostatic bimetal (1). 

Adjustment for the desired temperature is made by turning the fluted 
plastic ring (2) in which is mounted the thermometer, past the pointer on the 
stationary center disc; thus it points to the desired temperature of the scale. 

Movement of this ring also revolves the heat controlling unit con- 
sisting of a mercury switch (3) mounted on a larger coil of thermostatic 
bimetal (4). As the coil winds or unwinds with changes in temperature, it 
tilts the tube of mercury, allowing the mercury to close or open the heat 


controlling circuit. The mercury switch is dust proof, produces no exposed 
spark, and is noiseless. 


This illustrates typical uses of Chace Thermostatic Bimetal as the 
actuating element for temperature responsive devices. If your product 
responds to, indicates or controls temperature changes, actuate it with 
dependable Chace Thermostatic Bimetal. Write today for our 32-page 
booklet, “‘Successful Applications of Chace Thermostatic Bimetal,”’ 
containing condensed engineering data. 


Pe ee oe 


cr ao i’ 
j he " wos Ric Dis ela 
i615 BEARD AVE. DETROIT Y MICH. 
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News of Engineers 


project director on casting desi 
manual 

David I. Dilworth, Jr. has 
pointed as director of metal! 
Lorin L. Ferall as assistant vi 


Crucible Steel Co. of America 


Dr. O. G. Haywood, Jr. 
appointed manager of engineerin 
ning, Sylvania Electric Products, I 


John E. Powers has been pro 
vice president, General Tire & Rub ( 


Dwight H. Lory, former assist 
the general manager of the Ni 
Plants of Allis-Chalmers Manufacturi; 
Co., has been named assistant m 
of the Texrope Drive Section 


D. T. O'Connor, chief of the Rad) 
ology Section, U.S. Naval Ordnance Lab 
oratory, was awarded the first annu 
William D. Coolidge Award as the autho: 
of the outstanding paper of the year o1 
X-ray. The award was made jointly b 
the Society for Non-Destructive Testing 
and the X-Ray Dept., General Elect: 
Co. The paper, entitled, ‘Industri 
Fluoroscopy” was published in the jou 
nal of the society and was presented 
last year’s session as the Mehl Lectur 


News of Societies 





American Standards Association ha: 
announced that Ralph E. Flanders, senior 
Senator from Vermont, has received thé 
nation’s highest award in the field of stan 
dardization, the 1953 Howard Coonle\ 
Gold Medal for “service in advancing the 
national economy through voluntary stand 
ards’. Colonel Perry L. Houser, general 
supervisor, manufacturing standards r¢ 
search, International Harvester Co., re 
ceived the Standards Medal, which 1: 
awarded annually for leadership in the 
actual development and application of 
standards. The Association also announced 
that Dr. John Gaillard, mechanical engi- 
neer, staff of the ASA, and lecturer at 
Columbia University, will hold his next 
5-day private seminar on industrial stan- 
dardization from Jan. 25-29, 1954, in 
the Engineering Societies Bldg., 29 W 
39th St., New York, N.Y. 


The American Society for Testing 
Materials has announced the appointment 
of Fred F. Van Atta, recently manager, 
Building Div., Carolinas Branch, As- 
sociated General Contractors, as special 
assistant on the headquarters staff. 


The Association of Iron and Steel 
Engineers has announced the election 
of the following officers for 1954: prest- 
dent, Eric L. Anderson, superintendent 
of the Electrical Dept., Bethlehem Stce! 
Co.; first vice president, John H. V 
general superintendent of US. Stee! 

(Continued on page 212) 
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for controlled heating of liquids and gases 


CHROMALOX 


Circulation heater connected to 
jacketed process kettle. 


including 


® Water, oils and heavy fuel oils. 
® Nitrogen, steam, air and other gases. 


@ Aroclor, Dowtherm, Prestone and 
other heat-transfer mediums. 





Chromalox Electric Circulation Heaters 
are ‘“‘packaged”’ heaters ready to install Circulation heater as part of 
and connect wherever you need depend- aaa ” 
able heat that is efficient, economical and 
easy to use. They give you measured 
quantities of heat up to 750° F. that can 
be accurately controlled and maintained 
around the clock. May be used in series. 
Available in capacities from 1 kw. to 100 
kw. in standard voltages. 





Circulation heater connected to 
water tank as “side-arm” heater. 


CHROMALOX 
CATALOG 50 


contains complete data on Chromalox | = This COUGH will bring 
Circulation Heaters for all appli- ah? Behe f catalog 50 


cations. Write for your copy today. 
— ete einai ieeenlien el 


Industrial Division, EDWIN L. WIEGAND COMPANY 
7523 Thomas Boulevard, Pittsburgh 8, Pa. 


-_ 
Cy CHROMALOX 





Please send me Catalog 50. 


CIROMAILOX 
Electric Hei for Modern [rdusti 


Name 








Company 





Street 





City Zone 








--------------- 
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The U nited Stat 
plete line of sheets, rods, tape, tubing, bars, 
fabricate parts — custom-molded and machined 10 
Beet specifications. 
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lec Multi-Bond Metal Faced Tefion permits the 
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material to metal components. 
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PROGRESSIVE'S EXCLUSIVE 4 
NYLON GUIDE 


@ Constant guide and support 
throughout stroke 


@ Self-insulating 
@ Resists weld spatter 
@ No lubrication required 


Both Progressive guns in the above illustration have the same 
chassis—the difference is in the interchangeable cylinders, 
jaw extensions, electrode adapters, and tips. 


Using Progressive’s original Standardized Chassis and inter- 
changeable parts, job-specialized portable welding guns can 
be made for a fraction of the cost of specially-designed guns. 


Progressive has more portable guns in use than all other manu- 

facturers combined. For information on any type of Special or 
Standard Portable Gun—write to Progressive 
in care of Department G. 


3076 s Burer DRIVE + DETROIT 34, MICHIGAN 
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We One Froud 


THAT MISCO PARTS ARE USED IN THE 
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its EIGHT 
Powerful PRATT & WHITNEY AIRCRAFT J-57 
Engines employ INVESTMENT CASTINGS by 





PRODUCERS OF AIRCRAFT AND INDUSTRIAL INVESTMENT CASTINGS 


Today, when aircraft and aircraft engine builders 
alike demand the utmost in dependable precision 
castings, they look to Misco for accuracy, large 
volume, and substantial production savings. 


Pioneers in the precision casting of heat and corro- 
sion resisting metals, Misco has years of experience 
in this highly specialized field. 


The Misco Precision Casting Process, with rigid 
dimensional and metallurgical control, X-Ray and 
Zyglo inspection, affords every assurance that 
customer requirements are met. 


WHITEHALL, MICHIGAN 


PLANTS AT: DETROIT AND WHITEHALL, MICHIGAN — OFFICES IN ALL PRINCIPAL CITIES 
TELEPHONE: WHITEHALL 2-1515 





For more information, turn to Reader Service Card, Circle No. 430 
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— 
Contest. First prize of $750.00 for the 
paper ¢ ntitled Design and App! tion 


Edge Ring Welding’ was awa: 
Chester A. Czohara, Manufacturing R 
search Dept., International Harvester Cp 
The $500 second prize was awarded fo, 
the paper, “Balancing Inverse Parallel 
Connected Ignitrons in Frequency Conver. 
ter Spot Welders Using Cathode Ray 
Oscilloscope’, authored by Glenn ¢ 
Woodmancy, an engineer with Boeing 
Airplane Co. The $250 third prize went 
to a paper entitled “Spotwelding of Mag 
nesium with Three Phase Low Frequeng 
Equipment’”’ authored by three men 
Paul Klain, research~ metallurgist, Dow 
Chemical Co.; Paul Thorne, chief elec. 
trical engineer, and Dean L. Knight, chief 
welding engineer, National Electric Weld. 
ing Machines Co. 

The Society has named Walter H. 
Wooding, superintendent Metals Section. 
Industrial Test Laboratory, Philadelphia 
Naval Shipyard, Philadelphia Naval Base, 
as recipient of the 1953 Lincoln Gold 
Medal Award for his paper entitled “The 
Inert-Gas-Shielded Metal-Arc Welding 


Process’’. 


American Society for Metals has an- 
nounced the following officers for the 
coming year: president, J. B. Austin, di- 
rector, Research Laboratories, U.S. Steel 
Corp.; vice president, George A. Rob- 
erts, chief metallurgist, Vanadium Alloys 
Steel Corp. 


Society for Non-Destructive Testing 
has announced the election of Gerold H. 
Tenney, Los Alamos Scientific Labora- 
tories, as president and William C. Hitt, 
Douglas Aircraft Co., Inc., as vice pres- 
ident. 


News of Companies 





The Wesson Co. and Wesson Metal 
Corp. have announced the creation of 4 
new Experimental Research and Product 
Development Div. William Bader, vice- 
president, will head the new department. 


Westinghouse Electric Corp. has an- 
nounced the formation of a new engineet- 
ing section in its atomic equipment de- 
partment to be responsible for a develop- 
ment, design and test program involving 
certain equipment for nuclear powetf 
plants. Edward J. Kreh will manage 
the new section to be known as the Equip- 
ment Development Section. 


Dolan Steel Co., Inc. has constructed 
a $50,000 addition to its plant at Bridge- 
port, Conn. 


Pennsylvania Peerless Corp. has a\- 
nounced completion of its new Potts 
ville, Penna., plant. The new plant 1s 
already working at peak capacity. 


General Electric Co.’s Trumbull Elec- 
tric Dept. has been expanded into two 
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OR AN OLD PRODUCT BETTER 


% 
- 


As 


American makes felt that is soft as a kit- 
ten’s ear, or hard as a board, and many 
kinds in between; felt of pure wool, or 
blends of wool with natural and synthetic 
fibres, or all synthetic; oil seals of felt 
layered with synthetic rubber, and so on. 
Because there are many hundreds of dif- 
ferent types, it is important for manufac- 
turers to choose correctly among them. 

For example, recently a company had 
developed a new machine. The final impor- 
tant item was the felt to be used. Various 
selections were tried, and failed. Finally, 
the problem was put up to us, and prompt- 
ly solved, making it possible to start pro- 
ducing the new device. If the company had 
come to us earlier, much time would have 
been saved. 

It will pay you to make sure about felt. 
American’s Engineering and Research 
Laboratory is at your service. Won’t you 





let us collaborate with you? 


American felt 
Company 


TRADE MARK 


GENERAL OFFICES: 

24 GLENVILLE ROAD, GLENVILLE, CONN. 
SALES OFFICES: New York, Boston, Chicago, Detroit, 
Cleveland, Rochester, Philadelphia, St. Louis, Atlanta, 
Dallas, San Francisco, Los Angeles, Portland, Secttle, 
San Diego, Montreal. — PLANTS: Glenville, Conn.; 
Franklin, Mass.; Newburgh, N. Y.; Detroit, Mich.; 
Westerly, R. I. — ENGINEERING AND RESEARCH 
LABORATORIES: Glenville, Conn. 


For more information, turn to Reader Service Card, Circle No. 326 
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STAR 


Custom 
Porcelain 
Specialties 


wherever your 
applications 
call for 
Resistance to 


ELECTRICITY 


HIGH TEM- 
PERATURE 


MOISTURE 


THERMAL 
SHOCK 


CHEMICALS 


Th af 
THERMOLAIN 


An excellent example 
of end usage is de- 
scribed at the right. 


VITROLAIN 


Strong, dense, low 
porosity porcelain 
with superior dielec- 
tric and mechanicol 
strength. 


LAVOLAIN 


Steatite — strong, 
_ dense, heat resistant 
insulation with good 
mechanical strength 
and thermal shock 
resistance. 


No. 921 
INSULATION 


Hard, stoneware 
type ceramic with 
outstanding thermal 
and electrical prop- 
erties. 


NU-BLAC 


Same good dielec- 
tric and mechanical 
strength offered by 
STAR Commerciol 
White—and does 

not soil in pe 


HUMIDOLAIN 

















they're all “SPECIALS” 
at STAR PORCELAIN 


Every piece is designed and engineered for 
the purpose intended, whether we start from 
scratch or follow customers’ blueprints (and we 
do both). What's more, STAR ceramic engineers 
assume responsibility for meeting customers’ 
specifications—not only in the plans stage but 
through every manufacturing operation. Thus 
you are assured of getting the proper composi- 
tion and the maintenance of good ceramic 
design principles that simplify production, re- 
duce costs and expedite delivery. 


PORCELAIN COMPANY 


39 Muirhead Avenue « Trenton 9, N. J. 


For more information, turn to Reader Service Card, Circle No. 342 


216 








| News of Companie 





ee, 


new ad¢ partments, the Distributi 
blies Dept. and the Trumbull (¢ 
Dept 


}? 


James H. Knapp Co. | 


Wi rk 


its mew plant at 1731 
Los Angeles 31. 
Lindberg Steel Treating Co, jy 


moved to its new heat treating plant » 
1981 N. Ruby St., Melrose Park, II| 











Peter A. Frasse and Co., Inc. receniy 
held opening ceremonies at a new off 
and warehouse on Locust St., Hartford 
The new operation will be devoted 
to the distribution of alloy, stainless ap) 
cold finished carbon steels, as well x 
alloy and stainless tubing in the Com. 
ecticut and New England area. 


Conn. 


General Electric Co. plans to construg 
a $1.8 miilion combustion laboratory jg 
Schenectady to aid scientists in obtaining 
knowledge needed to produce more poy. 
erful gas turbines for aircraft and othe 
applications. 


Scovill Manufacturing Co. has opened 
a new $500,000 warehousing and shipping 
center to serve its manufacturing center 
The facilities are located near the midd 
of its main plant in Waterbury, Conn 


Knapp Mills, Inc. has announced th 
formation of Knapp Mills de Mexico, 
S.A., with headquarters in Mexico Cit 


Fiberite Corp. has acquired complet 
formulations and procedural data for th 
manufacture of medium-high-impact an 
high-impact plastic materials formerly pr 
duced at the Bound Brook, N.J 
of Bakelite Co. 


Colorado Fuel and Iron Corp. 


ficially opened its new $30 million sea 
less tube mill at Pueblo, Colo. 

Yale & Towne. Manufacturing © 1 
has established a new division, The Pow | 


dered Metal Products Div., consolidat 
the company’s expanding operations 
the field of metal powders. The new 
vision unifies under one management, t 
recently acquired Powdered Metal Prot: 
ucts Corp. of America, and the Ameri 
can Sintered Alloys Div. George ! 
Bachner, formerly president of PMPCA 
has been appointed general manager 
the new division. 


Consolidated Industries, Inc. has 4 
nounced the completion of a new <i 
shop designed to help meet the aircralt 
industry's demand for aluminum, tite 
ium, and alloy steel forgings. 


The Sheffield Corp. will hencefort 
design, manufacture and market Cavitrot 
machine tools, according to a joint 4 
nouncement by the Cavitron Corp. Th a 
agreement provides that the Cavitro 
Corp. will continue to produce the ultr 
sonic transducers and generators, being the 
originators of the ultrasonic machining 
process and holders of the basic patet! 
rights, and will issue licenses for” the 
process through Sheffield. 
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UP 
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with TOCCO Induction Heating 


Whether you’re interested in upping production or downing costs—or both 
—it pays to investigate TOCCO Induction Heating if you heat-treat, anneal, 
braze, solder, forge or melt ferrous or non-ferrous metal parts. 












PRODUCTION UP—When Thompson Products COSTS DOWN—While production jumped, 


Ltd., St. Catharines, Ontario switched from conven- costs fell from $5.46 per hundred parts to 
o tional methods to TOCCO Induction Hardening of $3.23—a savings of more than 2c per pin or 
“ their automotive wrist pins, production rose from $26.76 per hour on the hardening operation 
500 to 1200 per hour. alone. 


th OTHER ADVANTAGES— Additional savings result from elimination of hauling wrist 
+ pins to and from the heat-treat department. Cool, clean TOCCO fits right in the pro- 
[ duction line, next to related operations—takes only % the space of the pusher-type 
CA furnace previously used. 


In Canada or the United States TOCCO engineers are glad to survey your operations 
for similar cost-cutting results—no obligation, of course. 







THE OHIO CRANKSHAFT COMPANY PEW FREE Coupon Today ——-————— 













THE OHIO CRANKSHAFT CO. 
Dept.T-12, Cleveland 1, Ohio 


Please send copy of ‘“Typical Results 
of TOCCO Induction Hardening and 
Heat Treating”’. 
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IN ONLY 





3% DAYS 


“PUTTIN-ON-TOOL' 


saves leading press 


manufacturer *2100 


on spur gears 


The bore diameter of flame-hardened 
precision gears like the one above used 
to be a costly problem for R. Hoe & Co., 
Inc., one of the leading manufacturers of 
large newspaper presses. 

Constant orders for this particular gear, 
each specifying the bore diameter to ex- 
tremely close tolerances, had to be met. 
Since manufacturing costs exceed $26.00 
per gear, neither making up specials—nor 
annealing, reboring, and rehardening— 
was an economical solution. What HOE 
needed was a “puttin’-on-tool.” 

That’s exactly what they have in their 
new Chromaster Industrial Chrome Plat- 
ing Unit, which they use to adjust the 
bore diameter of stock gears to specifica- 
tion. Recently in a 3% day period they 





Industrial Chrome Plating Units 20, 
50, 150, 250, 500 and 1000 amp. units 


were able to plate 81 of these gears with 
chrome deposits ranging from .0002” to 
.005” at a saving of $2100. 

Chromaster can save you money, too. 
Write us. 





CHROMASTER SALVAGES undersized parts, 
worn tools and gages right in your own 
shop. It’s so simple to operate that no pre- 
vious plating experience is needed. The 
chemically stable plating solution is de- 
posited at a rate of .002” per hour for a 
cost of 7 mils per sq. in. One of six models 
will meet the requirements of every shop. 


Ward Leonard Electric Co. COMPANY........ 
rey —— Division 
16 South Street, il aliniiz 
Mount Vernon N. Y. NAME. 
Please send me informa- ADDRESG.......... 
tion on industrial chrome 
plecing with CHROMASTER. cITy...__ 


rio | a) \ ) Sn 


For more information, turn to Reader Service Card, Circle No. 347 
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Modutronics .... 








continued from Page 


ployed steal the show, the de 
ment and design of the basic modu 
is actually the most important part g 
the project. It is completely unigy 
in design and use of materials, — 

The module selected was a sing 
electronic stage. Roughly speaking 
it included the resistors, Capacitors 
and circuitry required for a Singl 
vacuum tube or transistor. The acty 
modular unit consists of six cerami 
wafers on which circuit component 
are printed or baked. The wafers ax 
stacked and twelve riser wires ar 
soldered to notches in the edges. Thé 
twelve wires provide physical suppog 
and serve as electrical connectors, 
tube socket is mounted on the to 
wafer. 

The ceramic wafers are made from 
basic raw materials at the start of the 
production line. A mixture of tal 
kaolin and barium carbonate provide 
a ceramic of desireable moisture te. 
sistance, strength and dielectric prop. 
erties. The ceramic material is pressed 
into thin wafers on an automatic 
press and baked in a line kiln. The 
notches to receive the riser wires are 
painted with silver paint, and the 
wafers are routed to machines tha 
apply resistors or capacitors to one ot 
both sides. A single wafer can take 
one capacitor, or up to four resistors, 
providing total power dissipation is 
kept within 14 watt. | 

Maximum capacity of the printed 
capacitor wafer is about 0.03 micte- 
farads and ranges down to 7 micto 
microfarads. “Commerical” accuraq 
standards have been attained, but 
quality control is still somewhat ol 
a problem. Resistors are carbon im: 
pregnated asbestos Quinterra tape 
applied between silver-paint printed 
contacts on the wafer. Polyethelent 
tape is baked on over the resistor tape 
to give it protection. A 75 ft roll 
of tape will produce over 10,000 
resistors ranging from 10 ohms t 
10,000 ohms, and the resistors % 
produced will hold their rated resis 
tance within 10% at operating tem 
peratures up to 200 F. 

After the proper circuit compot 
ents have been applied to the wafers, 
they are tested in punch card pte 
grammed testing machines, and then 
put through the final assembly unt 
which solders the riser wires to the 
silvered notches in the sides of the 
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Heat Treating Furnaces...Yes! 
and LIWOBERG also builds... 





Ti meolololiilolaMoMsl-tolM@ic-tolilile Mitsuo (a-Si Mitel ol-igeMol-til> lar Melle Moll (elas! 
broad and varied line of related products . . from air cylinders 


omulleliMmic-te lta aelileltlailoaminiee 


iit cola Meo) Miil-Maelilel(-t(-Mlsl-Mel me Slilelel-lacMl olcelel Vat MT Melle 
Tmo Mulhodb ae lelelitit-teM oli (-li i mmat) Me Zell me olael Mm Mlilelel-lge Mu stols 
for a copy (#250), or write Lindberg Engineering Company, 
2450 West Hubbard St., Chicago, Illinois 
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Proof of WAKEFIELD Performance 





SACO-LOWELL snops use 
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WAKEFIELD ROLL STAND BE 


Fa ~ 









Tor" a 





Shaw Spinning, is one of the most effec- 
tive long draft spinning assemblies in 
the world for cotton and short synthet- 
ics. After 10 years of experimentation, 
Saco-Lowell has found that fibre con- 
trol required for long draft necessitated 
heavy roll pressure. This heavy pres- 
sure required a better, stronger, more 
rugged bearing. Saco-Lowell found that 
Wakefield bearings met and exceeded 
all their requirements. 


For years, the Wakefield Bearing Corporation 
has produced all types of oilless and self lu- 
bricating bearings, bushings and machine parts. 
In addition, Wakefield holds an enviable repu- 
tation for quality and reliability in the produc- 
tion of all types of Special Textile Bearings and 
Parts including wood bearings, white wood 
turnings, swifts and swift parts and textile 
loom sheaves. 


If you have a special problem our experienced 
research, development and engineering staffs 
are available for consultation without obligation. 
Our diversified and lengthy experience in the 
field makes Wakefield a name on which you 
can rely with utmost confidence to fill your 
requirements. Complete catalog information will 
be sent on request. 


BEARING 
CORP. 


29-99 FOUNDRY STREET 
WAKEFIELD, MASS. 





In Conada: WAKEFIELD BEARINGS OF CANADA, Limited, 55 St. Jomes St., West, Montreal, Can. 


For more information, turn to Reader Service Card, Circle No. 474 
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BECAUSE THEY WITHSTAND 
HEAVY TOP ROLL PRESSURE 


ARINGS 








News Digest 












waters—-430 joints are so 


multaneously two solder: 





tions are required. After 

are soldered, the wires are 
ically clipped at points between | 
wafers in order to provide th 
circuit for the module. A fi 
programmed testing machin al 
completed modules. The  finishe 
modules can be inserted automatical)y 
to printed-circuit bases and dip-sold. 
ered to produce a complete electron 
component. 

The production rate goal of th 
pilot plant is 1000 modules per hy, 
which is roughly equivalent to 100) 
six tube table-radio circuits per 8 hr 
working day. Considering that yen 
little labor would be needed in 
commercial application of the system, 
24 hr application is economical 

National Bureau of Standards eng 
ineers on the project admit that th 
present system will take a lot of mod 
ification and further development 
before it is commercially sound 
Materials for and methods of produ 
ing precision resistors and capacitors 
need perfecting, and some bugs mus 
be worked out of the production 
equipment. However, the scientist 
point to the fact that electronic com 
ponents now being produced by the 
system actually operate just as we 
or better than conventional equi 
ment in performance tests. They 
point out that the present system 's 
totally mechanized—to the point, 
some cases, where it may well | 
uneconomical. A detailed cost stuc| 
is underway at present and is expected 
to be complete about the first of the 
year. NBS men believe that in man} 
cases hand assembly of the modular 
components would be less costly than 
present mass production of standard 
electronic circuits. They are plan- 
ning to supply moduiar components 
for experimental hand assembly some: 
time in December in order to fa- 
miliarize industry with the system. 

The pilot plant is open for inspec 
tion one day a week at Arlington 
Va. Visiting arrangements should be 
made through local Naval Security 
Officers. Information and drawings 
are available to industry from the 
U. S. Navy Bureau of Aeronautics 
code reference IP43. 





(More News on page 224) 
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OF ydraulic Cylinders by 


Mullins Ko/d//o* Process are 
Less expenstve ana better... 














Cn tf 











wu OCC 01/5¢ 


nishe ROUNDNESS to within 0.001” 
tel ally 


STRAIGHTNESS to within 0.002” 
~ 










CONCENTRICITY to within 0.005” total 


SMOOTHNESS—no “O”-ring wear 


= ae / 


Koldflo Cylinders have NO TAPER 


and are made up to 42" long 


... and with integral bottoms 
Sgt bel 


Hydraulic cylinders are made by the Mullins Steel 


| KoLpFLo* Process in one piece, coming from the 
g 
he} presses with smoothness, hardness, strength and pre- 
n {5 cision never before achieved. 
As This process eliminates costly 3-piece construction 
: and substantially cuts production costs. 
. In addition, hydraulic accumu- 
lators made by the KOLDFLO 
7 Process lose less pressure in per- 


u formance tests. Less pressure 
1an 
ard 
an- 
nts 
ae: 








is lost because of the better 
“Q”-ring seal characteristics 
of the surface of hydraulic 
accumulators produced by this 
method. 





fa- If you’re tired of 3-piece tub- 
. & WG: ing and casting cylinders; if 
C- Ed. you want a round, straight hole 
on with no taper; if you want 
be BETTER CYLINDERS, 





ty write for your copy, Hydraulic 
gs Cylinders, Bulletin No. 2, 
re today. 


Koldflo Division 
MULLINS MANUFACTURING CORPORATION 
SALEM, OHIO 





Alloy Steele! 


For more information, turn to Reader Service Card, Circle No. 449 
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|THE ELECTRIC FURNACE €O. process 


GAS FIRED, O1L FIRED Pe Y Ch. e PRODUCT OR 
AND ELECTRIC FURNACES on PRODUCTION 
| 


For more information, turn to Reader Service Card, Circle No. 432 


EF 


GAS-FIRED 
OIL-FIRED 
and ELECTRIC 


FURNACES 
for 


AGING 
ANNEALING 
BRAZING 
CARBON 


LOW COST HEAT TREATMENT =—ctsssx22" 


CERAMIC 
DECORATING 


of small and medium size parts  sxawns 


HOMOGENIZING 
MALLEABLIZING 
NORMALIZING 





@ EF chain belt furnaces are the most satisfactory 
heat treating equipment yet devised for carbon restora- 


tion, scale free hardening and hardening without de- NITRIDING 
carburization of small and medium size parts. Built in SINTERING 

11 standard sizes for capacities up to 2,000 Ibs. per hour. SOLUTION 
Larger sizes to meet any requirement. Gas-fired, oil-fired TREATING 

or electrically heated, whichever best suits your par- SPECIAL ATMOS- 


. , , PHERE TREAT- 
ticular requirement —and location. Estimates of equip- MENTS 


ment, installation and operating costs— and samples of 
treated parts—furnished promptly. Write for literature. A SIZE AND TYPE 
OF FURNACE 


FOR EVERY 
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Canadian Associates * CANEFCO LIMITED «+ Toronte 1, Canada 
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In such popular demand (we've 
given away 50,000) —we’ve made 


it 


easier to read! In three colors to 
automatically signal decimal - 
equivalents of fractions. The special products which 
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better. The new chart is far 








frame the chart are a constant reminder of a good 
source for cold-headed parts, 


JOHN HASSALL, INC. 


i 





0. BOX 2174 . WESTBURY, N. Y. 





For more information, turn to Reader Service Card, Circle No. 360 





News Digest 


Tariffs ... 





continued from 1e 8 


materials to the world’s larges 
porter. The switch has come ) 
through sheer necessity. With th 
tremendous growth in manufactu ing 
potential, our industrial appetite has 
outgrown the production Capacity of 
domestic sources of raw materials. Ip 
some cases, such as the Mesabi Range. 
seemingly inexhaustible raw material 
deposits have been used up. In order 
to maintain and increase our produc. 
tion levels we have been forced to 
import on a vast scale. 

The position of the United States 
was recently spelled out very clearly, 
as far as strategic materials are con 
cerned, when studies revealed that th 
only two metals that can supply 
our present consumption from sources 
within our borders are molybdenum 
and magnesium. Out of a list of 74 
‘strategic’ materials, we must import 
all our supply of more than forty, 
and, with the above exceptions, at 
least part of the supply of all the 
rest. Since the only prospect for cut- 
ting down raw material imports is 
a drastic reduction in production, it 
would appear that the necessity of 
importing raw materials will exert a 
strong and constantly growing influ 
ence for easing trade barriers. How 
ever, opposition to this trend is still 
very much alive. On November 
the National Lead and Zinc Commit 
tee applied to the Tariff Commission 
for an increase in levys on foreign 
imports on the ground that low priced 
foreign imports were forcing Amer! 
can mines to close. 

The U. S. Tariff Commission hea: 
ings under the Reciprocal Trade Act 
are another good indication of the 
general climate of opinion in industry 
and government. Under the act, do- 
mestic manufacturers of products on 
which tariff concessions have been 
arranged may apply for relief from 
the low duty rates if foreign com 
petition causes or threatens to cause 
material harm to domestic business. 
Of the thirty cases that have gonc 
before the tariff commission, nearly 
every one has been turned down by 
the Commission or the President o! 
the United States. President Eisen- 
hower, in rejecting the recommenda 
tion of the Tariff Commission for in- 
creasing the duty on silk scarves from 
Japan, indicated he would pass no 
tariff increases until the report of a 
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Johns-Manville announces the development of 
SIL-O-CEL I6L F 


Insulating Fire Brick... 












Lompoc, California, where Johns-Manville mines and 
processes diatomaceous silica insulating materials 


Combines outstanding physical and 





thermal properties for furnace service to 1600F 








Check these properties of 
SIL-O-CEL I6L 


Maximum service temperature 
1I600F, back-up or exposed 


Approximate density 
33-35 ib per cu ft 


Transverse strength 60 psi 
Cold crushing strength 350 psi 


Linear shrinkage 
0.7 percent at I600F 


Reversible thermal expansion 
less than 0.1 percent at I600F 


Thermal conductivity 

(Btu in. per sq ft per 0.92 at 500F 
F per hr at indicated 1.07 at IOOOF 
mean temperatures) 1.22 at ISOOF 








I—has less than 0.1% reversible thermal expansion at I600F 


2—provides high load-bearing strength 


3—for direct exposure or back-up service 


Here is a new development of Johns- 
Manville insulation and refractory re- 
search. Its exceptional characteristics 
provide important savings in furnace 
construction. Made of diatomaceous 
silica, Sil-O-Cel* 16L Insulating Brick 
is light in weight .. . has low thermal 
conductivity... high structural 
strength. And where furnace linings 
are subjected to severe heat shock or 
where high load-bearing properties 
are needed, Sil-O-Cel 16L offers out- 
standing performance. 


Sil-O-Cel 16L is now available. 
Samples will be sent on request. Also 
available without obligation is Book- 
let IN-115A, which describes Sil-O- 


Cel 16L and other J-M Insulating 
Brick and Insulating Fire Brick for 
service to 3000F. Write Johns-Man- 
ville, Box 60, New York 16, N.Y. In 
Canada, 199 Bay Street, Toronto 1, 


Ontario. 
*Sil-O-Cel is a Johns-Manville registered trade mark 





Replaces SIL-O-CEL Natural Brick 
The development of Sil-O-Cel 16L 
Insulating Brick has resulted in the 
discontinuance of Sil-O-Cel Natural 
Brick. The outstanding properties of 
Sil-O-Cel 16L make it the ideal re- 
placement for Sil-O-Cel Natural Brick 
for back-up use. In addition, the prop- 
erties of Sil-O-Cel 16L Brick extend its 


use to exposed service applications. JM 











Johns-Manville First in INSULATION 
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Save 4 Ways Thru 
| CONTINUOUS PRODUCTION 


In Bright Annealing, Brazing or Hardening 






Now you can make substantial savings in 
time, materials, labor and floor space—finish your 
metal parts on a continuous production basis with 
the Sargeant & Wilbur Conveyor Furnace Method. 


STAINLESS STEEL 

o. Stampings 

Screw Machine 
Parts 


CONVEYOR | FURNACES 


Work comes out scale-free, bright and clean. 
No pickling, tumbling or sand blasting required. 
Sharp designs and edges are retained, work 
surfaces are free from etching. 


Both the 18-8 and 400 series of Stainless 
Steels, as well as other steels and non-ferrous 
metals, can be treated by the § & W Method. 
A special S$ & W bright brazing alloy resists 
dulling and matches the metal color perfectly, 
makes joints practically invisible. 





Your Samples Processed Free 
Let us show you how the S & W Con- 
veyor Furnace Method will bright-anneal, 
bright-harden or bright-braze your own 
work. Just send us samples and specifi- 
cations. No obligation. 





Write now for free descriptive folder 
giving complete details about this vel 
new money-saving method. ——y 


SARGEANT & WILBUR, INC. 
181 Weeden Street, Pawtucket, R. I. 






















Complete Line of Electric and Fuel-Fired Furnaces To Meet Every Industrial Need 
Atmosphere Generators . Ammonia Dissociators e Gas Conditioning Equipment 





For Greater Production of Brazed Parts 


Use HARPER Continuous Mesh Belt 


Electric Furnaces 
with 
NON-METALLIC 


Heating Elements 


Harper Continuous Mesh Belt 
Electric Furnace Model HOU- 
13363-MI-21 





* GREATER PRODUCTION 


because of high concentration of power produced by 
Non-Metallic heating elements results in more rapid 
heating of charge. 


* MORE UNIFORM PRODUCTS 


due to continuous flow of product through a fur- 
nace chamber with accurately controlled atmos- 
phere and temperature. 


* LOWER COST PRODUCTION 


because of labor-saving continuous mesh belt opera- 


tion of furnace resulting in greater production per 
furnace. 


WRITE FOR INFORMATION TODAY 


HARPER ELECTRIC FURNACE 
CORPORATION 


39 River Street Buffalo 2, New York 





Dept. 6 








For more information, turn to Reader Service Card, Circle No. 484 
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special Commission on Foreign Eco. 
nomic Policy is completed. 

The Commission on Foreign Eco. 
nomic Policy, now holding national 
hearings, is still another important 
sounding board that gives an indj- 
cation of the attitude of the Admip. 
istration, Congress and private busi- 
ness. President Eisenhower has let jt 
be known that the recommendations 
of the special Commission will play 
a large part in his own approach to 
the tariff question. Chances are, if 
the Commission works out a pro- 
gram with which all members are 
in substantial agreement, it will have 
an excellent chance for passage in 
Congress. Among the Commission’s 
Congressional representatives are the 
chairmen of the House Ways and 
Means Committee and the Senate 
Finance Committee, both of whom 
are generally considered to be of 
“protectionist’’ bent. President Eisen- 
hower is known to favor low barriers 
to foreign trade and he appointed 
Clarence Randall of Inland Steel as 
Chairman of the Committee in the 
hope that Randall’s influence could 
effect a compromise between the free 
traders and the protectionists. At 
present it does not look like any com- 
promise will be arrived at by the 
committee, since it is rapidly divid- 
ing into two camps. The majority 
report, supported by Randall, will 
undoubtedly plug for gradual reduc- 
tions in tariffs, while a minority re- 
port will recommend increases in tar- 
iffs on many items. If the conflicting 
reports result in a bitter floor fight 
in Congress, the outcome may well be 
little more than another extension of 
the present Reciprocal Trade Act 
with some concessions to special in- 
terest groups in order to get the bill 
through. 


Groups testifying before the Ran- 
dall Commission show some signifi- 
cant switches from the traditional! 
lineup. Free trade and protectionist 
sentiments seem to cross party lines, 
political philosophies and labor-man- 
agement boundaries. It boils down, 
roughly, to the fact that those in 
healthy industries, be they labor or 
management, are for free trade, while 
those in ‘‘sick’” or depressed indus 
tries want more protection. Stee! 
automobile, and processed food manu 
facturers want across the board easing 
of trade barriers, while producers 0! 
lead, zinc, coal, some farm and dair 
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COMPACT G-E HEATERS FOR BRAZING FIT PERFECTLY INTO NEW STRAIGHT-LINE PRODUCTION SETUP AT THE SACO-LOWELL CO. 


Rejects Eliminated in Gun-jacket Assembly 


Saco-Lowell Company speeds production, 


cuts costs with G-E Induction Heaters 


“In planning our machine-gun production program, we find G-E 
induction heaters assure us the high-quality brazing necessary to 
meet strict Ordnance Department requirements,”’ says F. A. Skinner, 
Chief Engineer, Edwards Plant, Saco-Lowell Shops, Biddeford, Maine. 

At Saco-Lowell, brazing rejects are a thing of the past. Only spot 
checks are necessary for product inspection, because G-E heaters 
g, uniform braze time after time. Saco-Lowell saves 
on operator training too, because use of these semi-automatic G-E 
heaters is mastered easily in a few hours. 


provide a stron 


To learn how you can profitably apply induction heat to your 
metal processing—in brazing, forging, hardening, or annealing— 
contact your nearest G-E Apparatus Sales representative today. And 
Write now for new, modern-metal-processing bulletin GEA-5889 on 


furnace and induction brazing to General Electric Company, Section 
(20-122, Schenectady 5, N. Y. 


G 5 N E Q A [ c L r C T Q ! . SELECTIVE HEAT produces this clean, strong bond 
of bearing breach to barrel jacket. Sixty such joints 
are brazed per hour. 


For more information, turn to Reader Service Card, Circle No. 473 
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A new service for Materials & Methods readers who.... 


...Want More Information on the Ads 


Now you can obtain additional information on any product ad- 
vertised in Materials & Methods—and you can do it without 
going to the trouble of writing a letter. 


All you need do is this: 
1. Turn to page 261. 


2. Circle on one of the Reader Service Cards the numbers 
corresponding to those at the bottom or top of ads in which you 
are interested. 


3. Tear out and mail the self-addressed post-paid card to us. 


Your requests for information will be forwarded promptly to 
the companies concerned. 


Because individual copies of Materials & Methods are often 
passed on to other readers, two Reader Service Cards are pro- 
vided on page 261. So when you are finished with M&M, why not 
pass it along to others who will want fo take advantage of this 
new service. 














No industry melting commensurate tonnage* of 
vital metal can quite match the brass mills for conser- 
vation and low melting losses. The savings of metal 
total millions of pounds; clearly the method they use 
is worth noting: 

Virtually all the brass mills in North America use 
the Ajax-Wyatt induction melting furnace, for it has 
the lowest metal losses in the field—less than 1%— 
with superior temperature control and unapproached 
economy of operation on high production schedules 
such as we have today. 

The accepted melting tool in brass rolling mills 
throughout the world. 





* Upwards of 5 billion pounds annually. 


AJAX ELECTRIC FURNACE CORP. 


1108 Frankford Avenue Philadelphia 25, Pa. 
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AJAX 


WYATT 


INDUCTION MELTING FURNACE 


Ajax Electrothermie Corporation, Ajax-Northrup High Frequency 


Ajax Engineering Corporation, 
Induction Furnaces 


ARRAN EDEL Wa RRO 1 ATE CNN RES 


ASSOCIATE Induction Furnaces 
Ajax Electric Company, Inc. The Ajax-Hultgren Electric Salt Bath 
COMPANIES: Furnace 


Ajax-Tama-Wyatt Aluminum Melting 


HOW THE WROUGHT BRASS 
INDUSTRY CONSERVES METAL 
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products, oil, and some skilled 
want more protection. The 
attitude is apparent from the folloy 
ing summaries ol representati e test 
mony: 

George Meany of the AF of L sen 
a statement that in his estimatio, 
completely abolishing tariffs wou 
displace less than 300,000 workers 
and that a comprehensive tariff rey; 
sion spread over years would increas 
imports significantly while displac. 


ing between 60,000 and 90,000 work. § 


ers—less than the numbers of work. 
ers usually displaced by technological 
change. 

The “Committee of Industry, Agri. 
culture and Labor on Import Export 
Policy,’ which is a national group 
representing organizations such as the 
United Mine Workers, textile | 
ducers, fruit ranchers, and others wh 
are getting rough competition fron 
foreign imports passed a resolutio: 
calling for the removal of Randall 
who they charged, was aligned with 
forces who favor an increase in for. 
eign competition and whose design: 
if carried out, would result in the 
failure of hundreds of businesses and 
would throw thousands and thousand; 
of wage earners out of work. 

Meyer Kestenbaum, speaking for 
the Committee for Economic Dev 
opment, a private group, claimed th 
the area of possible hardship fro 
tariff reduction is small. Pointing ou 
that most U.S. imports were raw ma 
terials essential for production, he 
showed that imports of finished good: 
last year represented only 0.3% ol 
total consumption of manufactured 
goods. Along with many of thos 
who testified, Kestenbaum claimed 
that labor and business dislocation 
from a gradual reduction in trade bar- 
riers would be less than that expected 
from ordinary domestic causes. 

Alan B. Kline, of the National 
Farm Bureau, recommended that no 
special protective categories should be 
set up for any items. He deplored 
the fact that farm exports have de- 
clined and placed the blame largely 
on trade restrictions both in the U. $ 
and abroad. 

Representative Simpson of _ the 
House Ways and Means Committee 
and the Randall Commission charged 
that ‘‘certain business leaders are ¢n- 


gaged in a fantastic campaign for un- 


restricted imports’ that would, if 


(Continued on page 230) 
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Says SHALLCROSS MANUFACTURING COMPANY, 
Collingdale, Pa.: “For 25 years we have been using 
Driver-Harris Manganin* wire in the construction of 
Wheatstone and other precision bridges. In addition, 
D-H Manganin alloy has been used in many special 
standards for research and development laboratories. 
We feel that the quality of our products and the reputa- 
tion of our instruments have been greatly enhanced 
by its use.” 

Behind statements like these stand Driver-Harris pro- 
duction and drawing techniques, which provide Man- 
ganin of such fixed stability that maximum change in 
resistance between 15°C and 35°C is only about 15 
parts per million per degree centigrade—and fre- 


DOUBLE-PURPOSE 


BRIDGE. This Shallcross 
Model 6320 Wheatstone 
Limit Bridge can be used 
both for exact resistance 
readings and, in production, 
for rapid checks on percent 
deviation from an accepted 
standard. Overall range 
extends from 0.1 ohms to 
111,110,000 ohms. All 


resistors are D-H Manganin. 





quently Jess than one-third this amount. Equally good 
electrical characteristics are available for ammeter 
shunt stock operating between 40°C and 60°C. 

The experience of Shallcross reflects the experience of 
a host of manufacturers throughout the country; reflects 
what you can expect from Driver-Harris products, 
whether Manganin or any of the numerous alloys devel- 
oped by Driver-Harris for application in the electrical 
and electronic fields. 

Whatever your alloy problem, therefore, let us have your 
specifications. We'll gladly put at your disposal the 
skills acquired from 50 years of alloy manufacturing 
experience ... make recommendations based on your 
specific needs. 


Sole producers of world-famous Nichrome* 


St Alloy, 





[ Tar 





OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 


Driver-Harris Company 


HARRISON, 


BRANCHES: Chicago, 
In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario, 


NEW JERSEY 


Detroit, Cleveland, Los Angeles, San Francisco 


For more information, turn to Reader Service Card, Circle No. 457 
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For more information, turn to Reader Service Card, Circle No. 398 












MECHANICAL 
TUBING ... . ¥no! 


Murray warehouse stocks of cold- 
drawn and hot-finished mechanical 
tubing —in carbon and stainless 
steels — contain a complete range 
of sizes and wall thicknesses for 
prompt delivery. Hundreds of tube 
users repeatedly rely on Murray 
for dependable tubing service — in 
quantities to meet their production 
schedules. 
























When in need of mechanical tubing 
— ¥g- to 12-inch O.D. from stock — 
call a Murray warehouse first and 
be sure of quick and dependable 
tubing service. 


WRITE FOR CURRENT STOCK BULLETIN 


tubes, stainless steel pipe and fittings. IPS pres- 
sure tubing, seamless and welded pipe, JIC = 

- draulic tubing, carbon steel welding fittings an 
ELIZABETH, W. J McKEESPORT, PA. all types of tube fabricating to order 


INC 
A ; MURRAY ae Other Murray products include boiler and pressure 
Bee Sah we ee See ee 
\ 
J 
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HIGH TEMPERATURE PORCELAIN 
SPECIALTIES 


We are equipped to design and manufacture special 
porcelain products to do specific jobs. A few of the 
various shapes and sizes are shown above. On any of 
your porcelain requirements, a call to McDanel will save 
time and money. 







Write today for our new catalog. 


McDANEL REFRACTORY PORCELAIN CO. 


PORCELAINS | BEAVER FALLS, PENNA. 






GRINDING BALLS . . . MILL LINING BRICK... 
MILL HEAD ASSEMBLIES . . . TANK & DRYER LININGS 


For more information, turn to Reader Service Card, Circle No. 331 
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effect “import a major business , 
pression’. 

It is very hard to arrive at anythj 
that could be called a consensys ,; 
opinion on tariffs, since consensy 
implies at least some agreement, by; 
it may be said that the majority 9 
testimony heard so far has been fo, 
some degree of gradual tariff redy; 
tion as a long range goal. But by. 
tween the two opposing camps ther 
is little agreement even within indy 
tries. For instance, while one group 
of manufacturers of watch move. 
ments was testifying before the Tarif 
Commission in an effort to have tar. 
iffs on Swiss watches increased 
another major American watch manuv. 
facturer went on record that thei 
domestic production not only was not 
endangered, but that the compan; 
benefited by the low prices of Swis 
movements that it bought and used 
in some of its own lines of watches 

Solomon Fabricant, Acting Dire 
tor of Research of the National 
Bureau, recently pointed out during 
a round table discussion of the tariff 
“After all this worry, after decades 
of thought, we have today no reall 
very clear idea of what happens i 
tariffs are reduced.’’ He underscored 
the need for more actual facts in se 
lecting solutions of the foreign trad 
problem. One thing very clear t 
many hard good materials users t 
day, is that the U. S. is no longe 
self sufficient as far as raw materials 
are concerned. It will be one of the 
few incontestable facts placed befor 
Congress in the next session. 


Civilian Zirconium 


Production Boosted 


A line of new vacuum melting furn- 
aces will start pouring zirconium ing: 
ots for industrial use early in 1954. 
Privately financed by the Firth Sterl- 
ing Corp., the facility will operate as 
a civilian unit and will not be under 
the control of government contract. 
The company is now putting finish 
ing touches on an installation at Tral- 
ford, Pa. which will turn out 300, 
000 Ib of zirconium ingots per yea! 
from Kroll process sponge. Firth 
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Here's how we measure the “Muscle” in an Alloy Bar 


Columbia alloy bars have muscle—and plenty 
of it. It’s the kind of uniform strength that 
our many customers have learned to rely on, 
because each alloy bar is made to the same 
exacting standards as the last. 

Only specially selected raw material is 
used. This material is subjected to a contin- 
ous series of tests (like the one shown 


SPECIALIZING IN COLO FINISHED STEEL BARS aual SEAMLESS STEEL TUBING 


STEEL & 


above) to verify its exact metallurgical con- 
tent. What’s more, each step of our produc- 
tion is rigorously Quality-Controlled by our 
laboratory to produce alloy bars that you can 
use in your production with minimum treat- 
ment and waste. ® More product information 
—technical assistance, too—are yours for the 
asking. Call or write today. 


Pittsburgh 30, Pennsylvania 


For more information, turn to Reader Service Card, Circle No. 455 
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ANSWER YOUR 
FINISHING PROBLEMS 
WITH LORCO 
eS 
COMPOUNDS 





With LORCO’s much wider range of 
application within a specified family 
of metals and alloys, you can often 
clean, degrease, deburr, color and 
finish your parts all in one operation 
... and at greatly reduced time cycles 
and costs! 


Working samples of most LORCO 
Compounds will be sent to you upon 
request. In addition, lord Chemical 
Corporation will gladly 
process any sample 
parts for your ap- 
proval, and give you 
technical services and 
recommendations with- 





ovt obligation. 


Write Today 


for our new, fact-filled Cata- 
log. In it you'll find our 
Rapid Application index, 
characteristics, descriptions 
and fleld data on all 
LORCO Compounds. 


LORD 


CHEMICAL CORPORATION 


sence 
Menten 1] 
— 


COMPLETE LINE OF 
BARREL FINISHING COMPOUNDS 
ALL TYPES OF TUMBLING BARRELS 
INCLUDING BENCH MODELS : 
MEDIA AND AUXILIARY 
EQUIPMENT 


2068 S. Queen St., York 3, Pa. 





For more information, Circle No. 313 
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McKeesport tool-steel plant will get 
expanded zirconium rolling capacity 
and will convert a major portion of 
ingot output into billets, bars, rods, 
strips, sheets, wire and tubing for 
industrial use. The material will be 
available to the Atomic Energy Com 
mission for structural applications in- 
volving nuclear reactors, if needed, 
but production is primarily planned 
to supplement government needs and 
to supply the latent demand for zir- 
conium in civilian industry. 


Until recently, zirconium of duc- 
tile purity was produced by the io 
dide process and was a laboratory 
curiosity at $300 per pound. The de- 
velopment of the Kroll process and 
the heavy demand for ultra pure zir- 
conium for atomic projects have re- 
duced the price of commercial zir- 
conium sponge to about $10 per 
pound. 

The great demand for the metal 
on the part of the AEC stems from 
its low neutron absorption rate. The 
only comparable metals are beryllium, 
bismuth and magnesium, which are 
not suitable for structural use in re- 
actors for a variety of reasons. Zir- 
conium is not only the best material 
for use in reactors, but is just about 
the only material that is at all practi- 
cal for such use. The presence of 
of very small amounts of hafnium, 
a metal that is chemically similar to 
zirconium and is always found in 
conjunction with it as an impurity, 
vastly increases the neutron absorp- 
tion of zirconium. The average haf- 
nium impurity does not alter the 
physical characteristics of zirconium 
as far as most non-atomic uses are 
concerned, and since the process of 
separating the two metals is expens- 
ive, commercial zirconium always 
contains between 2 and 3% hafnium. 

Present applications of commercial 
zirconium are largely based on the 
metal’s excellent corrosion resistance. 
Zirconium is in a class with tantalum 
and the precious metals resistance to 
hydrochloric acid and is much more 
economical on a pound for pound 
basis. It is an excellent candidate as 
a material for heat transfer units in- 
volving hydrochloric acid. The metal 
is highly resistant to nitric acid in 
all concentrations and makes a good 
storage material for fuming nitric. 
Rockets using nitric acid as a fuel 
component are a possible application. 
Zirconium is resistant to dilute sul- 
furic acid and its alkali resistance is 
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BABBITT 


by using 


PROMET XXX 
LONG SERVICE 


LEAD BASE 
BABBITT 


A fine, velvety grain babbitt made 
entirely from pure virgin metals, per- 
fectly alloyed and heat treated to 
withstand tremendous loads at high 
speeds and elevated temperatures 
that would be dangerous with other 
babbitts. 

Tensile 10,000 

Elong 5.5% 
Compress Strength 10,000 


Promet XXX will not score, cut or 
powder even in lubrication failures. 
The coefficient of friction is consider- 
ably less than that of tin babbitts, 
thus reducing power loss and wear. 
The entire bearing surface wears 
uniformly, without pitting. 


Simply heat to 900°-1000° F. and 
pour. Can be heated to 2000° F. 
without burning or injury. Repouring 
only refines it. There is no appreci- 
able shrinkage, hence a better con- 
tact with supporting shei', a more 
solid, rigid bearing. 
Ideal for use in blowers, cement mills, 
clay working machines, compressors, 
conveyors, crushing machinery, diesel 
engines, dredges, fans, machine tools, 
mining machinery, motors and gen- 
erators, paper mills, pumps, rock and 
gravel plants, saws, steel mill bear- 
ings and sugar mills. 

Supplied in 10 Ib. pigs. 

IMMEDIATE DELIVERY 


Write today for service data sheets 
and quotations. 


THE AMERICAN 
CRUCIBLE PRODUCTS 
COMPANY 


1325 Oberlin Avenue 
Lorain, Ohio, U.S.A. 


For more information, Circle No. 373 
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LICENSEES under the CZ ALLOY PLAN 


A & A Die Casting Co., West Los Angeles, Calif. 
The Accurate Die Casting Co., Cleveland, Ohio 
Advance Pressure Castings, Inc., Brooklyn, N. Y. 


Advance Tool & Die Casting Company, Milwaukee, Wis. 


Badger Die Casting Corp., Milwaukee, Wis. 

Central Die Casting & Mfg. Co., Inc., Chicago, III. 
Cleveland Hardware & Forging Co., Cleveland, Ohio 
Congress Drives Division, Tann Corp., Detroit, Mich. 
Continental Die Casting Corp., 

Division of F. L. Jacobs Co., Detroit, Mich. 
Crown City Die Casting Co., Pasadena, Calif. 
Doehler-Jarvis Corp., Pottstown, Pa. 

Doehler-Jarvis Corp., Toledo, Ohio 

Dollin Corporation, Irvington, N. J. 

Du-Wel Metal Products, Inc., Bangor, Mich. 
Federal Die Casting Company, Chicago, Ill. 

Globe Imperial Corporation, Rockford, Ill. 

C. M. Grey Mfg. Co., East Orange, N. J. 

Heick Die Casting Corp., Chicago, Ill. 

Hilfinger Corporation, Toledo, Ohio 

The Hoover Company, North Canton, Ohio 

Kiowa Corporation, Marshalltown, lowa 

Paul Krone Die Casting Co., Chicago, Ill. 
Madison-Kipp Corporation, Madison, Wis. 
Milwaukee Die Casting Company, Milwaukee, Wis. 
Monarch Aluminum Mfg. Co., Cleveland, Ohio 

Mt. Vernon Die Casting Corp., Mt. Vernon, N. Y. 
Paragon Die Casting Company, Chicago, Ill. 
Parker White Metal Co., Erie, Pa. 

Precision Castings Company, Inc., Fayetteville, N. Y. 
Precision Castings Company, Inc., Cleveland, Ohio 
Precision Castings Corp., Chicago, Ill. 

Pressure Castings, Inc., Cleveland, Ohio 

Racine Die Castings Co., Racine, Wis. 

St. Lovis Die Casting Corporation, St. Louis, Mo. 
Schultz Die Casting Company, Toledo, Ohio 
Sterling Die Casting Co., Inc., Brooklyn, N. Y. 
Stewart Die Casting Division 

of Stewart-Warner Corp., Bridgeport, Conn. 
Stewart Die Casting Division 

of Stewart-Warner Corp., Chicago, Ill. 

Stroh Die Moulded Casting Co., Milwaukee, Wis. 
The Superior Die Casting Company, Cleveland, Ohio 
The Tool-Die Engineering Co., Cleveland, Ohio 

Twin City Die Castings Company, Minneapolis, Minn. 
Union Die Casting Co., Ltd., Los Angeles, Calif. 
Universal Die Casting Company, Los Angeles, Calif. 
Wells Die Casting Co. of Calif., San Francisco, Calif. 
Western Die Casting Co., Emeryville, Calif. 


AMERICAN DIE CASTING INSTITUTE, INC. 


366 MADISON AVENUE 


For more information, turn to Reader Service Card, Circle No. 482 
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At no extra cost, you enlist the services 
of an extra guardian when you have your 
die castings made by one of the listed die 
casters, licensed CZ producers. 


Under the Certified Zinc Alloy Plan, 
your die castings are subject to periodic, 
searching scientific scrutiny to make cer- 
tain that they are on grade, that the alloy 
meets the specifications you set. 


CZ stands guard on your every job to 
make sure that each and every one of 
your die castings is of a consistently 
superior quality. 

For full details of the CZ Plan, write 
today without obligation. 








NEW YORE 17, N. Y. 





233 














Lo eT 


ARE YOU SEARCHING FOR 


HIGH PERFORMANCE 
BEARINGS? 





SELF-LUBRICATING 


Yok leu Ove Your! 


EXCELLENT DURABILITY © CONSTANT 
COEFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
soupiries on cansomizes ® OPERATE DRY, OR AT 
HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE OR OTHER LIQUIDS © EXCiL- 
LENT FOR CURRENT-CARRYING BEARINGS 


GRAPHALLOY materials are also in wide use 
for oil-free, self-lubricating piston rings, seal rings, 
thrust washers, friction discs, pump vanes, etc. 


Cher Craphalloy Poauca 


For applications requiring low 
electrical noise, low and con- 
stant drop, high current density 
and minimum wear. Used for 
SELSYNS, DYNAMOTORS, 
SYNCHROS, ROTATING 
STRAIN GAGE pick-ups and 
many other applications. Brush 
Holders and Coin Silver Slip 
Rings also available. 









re oMETALLIZING CoRPpoRATIONSI 


RAPHITE 









1010 NEPPERHAN AVE. + Yonkers, New York 


Cc) Please send dota on Grapholioy Oil-Free BUSHINGS. | 
[_] Send date on BRUSHES ond CONTACTS. ) 





NAME & TITLE 





SOMPANY 





STREET 





city ZONE STATE 


For more information, Circle No. 384 
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comparable to that of silver and 


nickel. 

Until relatively recently, very littl 
work has been done on zirconium 
alloys for non-nuclear use, but with 
an increasing supply of the metal and 
possible lower cost, zirconium may 
be expected to take a place as a comp- 
lement to titanium in applications 
demanding strength and corrosion re 
sistance. 

Zirconium prices from the new 
Firth Sterling Corp. facilities have 
not been announced, but current mar- 
ket prices for finished zirconium stock 
range from about $27 Ib for hot 
rolled sheet to $35 per lb for cold 
rolled. 


U. 8S. Navy Sponsors 


Tube Reducing Plant 


A new tube reducing plant with 
two of the largest tube reducers ever 
designed will go into operation in 
early 1954. The Navy Bureau of 
Aeronautics is sponsoring the new 
facility, which will be operated by 
the Tube Reducing Corp. 

The new plant will produce tubing 
primarily for use in military items, 
although civilian consumption of its 
products will be encouraged in keep- 
ing with the Navy's dual industrial 
procurement program, 

The Navy is building the plant at 
a cost of over $10 million. The plant 
has facilities for making special pur- 
pose dies, and includes standard size 
equipment in addition to the new 
giant tube reducers which will han- 
dle tubing from 6 to 18 in. in outer 
diameter. 

The plant will produce cold com- 
pression formed tubing for use in 
military items such as large propel- 
ler cores, landing gear braces and 
struts, helicopter spars and rocket and 
Jato bodies. The tubing will also be 
available for commercial use in such 
applications as aircraft parts, large 
sized hydraulic cylinders, accumula- 
tors, casings and ring shaped prod- 
ucts that require high strength thin- 
wall precision tubing. 

Tubing fabricated by compression 
forming has higher tensile strength, 
closer tolerances, and better surface 
finish, advantages which help reduce 





Constder 


these outstanding 
features of 


New Luster-on 


OBRA’ 


The Chromate Finish For 
Producing Inhibited and 
Lustrous Finishes on 
Copper, Brass or Bronze. 





@ Produces a permanent lustrous 
finish even in recessed areas. 


@ Stands over 100 hours standard 
salt spray 


@ Assures very long life 


@ Can be handled immediately 
after treatment cycle — no stain- 
ing or finger marks 


@ Replenishment required only to 
replace dragout 


@ Exhaust of bath in use is optional 
— not required 


@ Excellent paint bond qualities 


New Luster-on 





COBRA 





oe 
fer 
® Inhibited and lustrous finishes on 


copper, brass or bronze 


@ Use on solid or plated copper or 
brass 


@ Cleaning and deoxidizing cop- 
per and brass parts 


@ Removing flux on soldered parts 


Luster-on — the first in the field 
and still the leader 


Write for full data sheets and send 
a part for free processing 


*Patent applied for 








For more information, Circle No. 427 
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America’s fastest growing industrial area 


HOME OF CLAYMONT STEEL 


Here at Claymont, in the fast-expanding industrial 
empire on the Delaware River, are the open hearths, 
rolling mills, flanging shops, and pipe mill that turn 


out a wide variety of Claymont Products. 


These include Alloy and Carbon Steel Plates... 
Stainless-Clad Plates . . . Flanged and Dished 
Heads ... Manhole Fittings and Covers... and 
Large Diameter Welded Steel Pipe for transmis- 


sion of oil, gas or water. 


In our Claymont plant all of these products are 
under complete quality control starting with the 
making of steel in our own open hearth furnaces 


and continuing through every step of manufacture. 


1981 


CLAYMONT STEEL 


CF 
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WITH 


INVESTMENT 
CASTINGS 





Castings pass 
100% X-ray inspection. 
Material: Alloy Steel AISI 8620 





THE ILLUSTRATION SHOWS 

A PAIR OF LEVERS USED IN 

A HIGH-SPEED GUN BREECH 
MECHANISM 





(THESE PARTS WERE 
PREVIOUSLY MACHINED 
FROM SAE 1020 FORG- 
INGS. A CONSIDERABLE 
SAVING IN COST WAS 


REALIZED BY USING AN 
EPCO INVESTMENT CASTING 








SEND US YOUR DRAWINGS 
FOR QUOTATION ON PARTS 
WHERE EXTRA QUALITY 

MUST BE MAINTAINED 





N. J. HIGHWAY 79 
MORGANVILLE, N. J. 





For more information, Circle No. 516 
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reduce! 
will produce cold finished tubing in 
sizes heretofore unavailable, and the 
development of many new applica 
tions is expected 

Both the standard size and new 
large size reducers will process tub- 
ing of a variety of metals, including 
carbon and alloy steels, aluminum, 
copper and brass. stainless steel, and 
titanium. 

Standard size tube reducers now 
in operation at the Tube Reducing 
Corp. finish tubing from 7/8 in. to 
6 1/2 in. in outer diameter. The 
largest of the two new reducers will 
process ingoing tubing from 10 to 18 
in. in outer diameter for reduction 
to 9 to 17 in. The other large re- 
ducer will bridge the gap between 
the standard machines and the larg- 
est reducer, handling tubing from 6 
to 10 in. in dia. The new reducers 
will produce tubing with wall thick- 
nesses as thin as 0.125 in. 


fabrication costs. The new 


Plastic Parts 
Standards 
Held Unrealistic 


“More realistic’ standards for 
plastic molded parts were urged at a 
recent meeting of the Society of Plas- 
tics Engineers. According to J. P. 
Healey, President of the Buffalo SPE, 
many standards now imposed on 
plastic parts are merely carryovers 
from previous metallurgical criteria 
and do not meet present needs. 

Healey claimed that the yardsticks 
now applied to such plastic parts as 
nylon gears are arbitrary and do not 
give sufhcient weight to the perform- 
ance characteristics of the material. 
He charged that important advances 
in plastic part Le gmp efficiency 
are being retarded by an insistance 
on the application of rigidly precise 
metal item standards that have no 
practical significance when applied to 
plastic parts. 

Nylon gears were singled out as a 
prime example of parts subject to in- 
correct standards requirements. The 
inherent qualities of nylon permit 
gears made from the material to op- 








BARNABY MFG. CO. of Bridgeport, 
Conn., reports: “Our close proximity to 
salt water has given us problems in rust 
prevention for many years. We have 
experimented with many black oxide 
finishes but none has proven as success- 
ful, safe, and inexpensive as DU-LITE— 
our tools have better sales appeal—our 
volume has been on the increase ever 
since we started using this modern, 
progressive oxide finish.” 


Depend on Du-Lite, the metal-finishing 
specialists, for the most efficient and 
economical cleaners, black oxide fin- 
ishes and phosphate coatings. Write for 
full details on: 

Du-Lite Black Oxide for Steel. 

3-0 Black Oxide for stainless steel and 

malleable iron. 

SD Compound for removing occluded salts. 

Phosteel and Phospray for phosphatizing 

steel, iron or zinc. 

Du-Lite Non-Acid Black Oxide for copper 

and copper alloys. 

Dynakleen for bright cleaning all metals. 

Kwikseal and Proctoil water displacing oils. 
Or send us samples of parts and we will 
process them for your approval. 


DU-LITE CHEMICAL CORP. 
MIDDLETOWN, CONN. 

Send more information on Du-Lite. .....e06 0 
Send information on metal finishing products... 1 
Have your representative call......eseee0> oO 


Company.............0 sank stealer vapitensdeiasitelipiabenaniniienia 
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D.u-Lite 


METAL FINISHING SPECIALISTS 


For more information, Circle No. 476 
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You can center complete responsibility with 
Allied’s Allite Division for sheet metal stampings for 
prototype production . . . and save time, money and 
uncertainty by doing so. 


For prototype production, Allied is thoroughly equipped 
to produce either plastic or Allite (zinc alloy) dies, 
depending on the physical or volume requirements of 
the parts. Upon completion of the draw dies, the 
necessary number of stampings are then produced on 
Allied presses and trimmed, flanged and pierced by 
hand and delivered ready for assembly. 


When desired, the prototype dies can serve as the 
basis for development of production draw dies. With 
approval of the prototype parts, the production dies 
can then be built without delay or error—the true die 
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PROTOTYPE SHEET METAL PARTS 


12663 BURT ROAD ° 





conditions having been proved in the original, inex- 
pensive prototype dies. 

We'll be glad to show you how this unique, all- 
inclusive service can fit your prototype requirements. 
Your inquiry will receive prompt attention. 





SPECIAL COLD FORGED PARTS e STANDARD CAP 
SCREWS e HARDENED AND PRECISION GROUND 
PARTS e R-B INTERCHANGEABLE PUNCHES AND DIES 





DETROIT 23, MICH. 





PLANT 1 
Detroit, Mich. 


PLANT 2 
Detroit, Mich. 






DECEMBER, 1953 


For more information, turn to Reader Service Card, Circle No. 509 


PLANT 3 
Hillsdale, Mich. 


PLANT 4 
Hillsdale, Mich. 
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SPEEDS UP 
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FINISHING 


Pangborn Hydro-Finis 
Cabinet—-Removes 
scale and direc- 
tional grinding 
lines . . . holds tol- 
erances to .0001” 
and prepares sur- 
faces for painting 
or plating. Liquid 
blast reduces cost- 
ly hand cleaning 
and finishing of 
molds, dies, tools, 
etc. Models from 

. $1410 and up. 


“ano bUSsT 








h 


CONTRO! 


Pangborn Unit Dust 
Collector—Traps 
dust at the source. 
Machine wear and 
tear is minimized, 
housekeeping and 
maintenance costs 
reduced. Solves 
many grinding 
and polishing 
nuisances and al- 
lows reclamation 
of valuable mate- 
rial. Models from 
. $286 and up. 


Pangborn Blast Cleaning Machines 


for cleaning tank 


s, bridges, struc- 


tures quickly and economically. 


Portable and stat 


ionary models, 6 


sizes . .. $188 and up. Cabinet for 
cleaning small metal parts better 


and faster. . 


. $319 and up. 


Write for details on these machines 


to: PANGBORN Co 


RPORATION, 1700 


Pangborn Blvd., Hagerstown, Md. 





—e 


Look to Pangborn for the latest developments 
in Blast Cleaning and Dust Contro! equipment 


Pangborn 


STOCK UNITS 
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erate noiselessly without lubrication 
and still outlast their lubricated metal 
equivalents. However, when exces 
sively rigid standards are applied to 
nylon gears, they cannot be produced 
by the most economical beryllium- 
copper casting methods. 

Healey admitted that the beryllium 
copper molding process involves a 
variation in shape due to shrinkage 
in both the mold material and in the 
plastic itself, but claimed that the 
shrinkage factor is predictable and 
can be compensated for in original 
design. Even when nylon gears do 
not meet the exact specifications set 
for metal gears, the superior wear 
characteristics of nylon may be ex- 
pected to outperform metal that 
meets the most exacting specifica- 
tions. Healey contended that engin- 
eers tend to forget the additional 
leeway that is permissible when they 
object to a minor difference in clear- 
ance that shows up when the invol 
ute of the plastic gears is checked 
against a pattern set by metal ones. 

Because plastic parts produced by 
beryllium copper casting cost “pen- 
nies’ compared to “dollars” for 
machined metal equivalents, Healey 
urged that an operational frame of 
reference should be substituted for 
abstract standards. 


New Substitute 
For Stainless 


Metallurgists at Battelle Memorial 
Institute have developed a new iron 
base alloy as the result of a search 
for a substitute for stainless steel 
used in the reinforcing braid of 
lightweight cable. The new alloy is 
expected to be useful in many appli- 
cations requiring a material with 
moderate corrosion resistance, good 
workability, and resistance to mag- 
netization. 

The new alloy substitutes mangan- 
ese and copper for all of the nickel 


For more information, Circle No. 399 








WHY GUESS THE 
TEMPERATURE 


..» When you can SEE j;: 


PYRO 


Radiation 
Pyrometer 


Tells spot temperatures instantly i 
heat-treating furnaces, kilns forging; 
and fire boxes. No thermocouples, lead 
wires or accessories needed! Tempera- 
ture indicated on direct-reading dial at 
a press of the button. Any operator can 
use it. Two double-ranges for all plant 
needs. Write for FREE Catalog No. 100. 


PYRO 


Optical 
Pyrometer 





Determines temperatures 
of minute spots, fast- 
moving objects and 
smallest streams — at a 
glance! No correction 
charts or accessories 
needed. Easy to use— 
weighs only 3 lbs. Spe- 
cial types available to 
show true spout and pour- 
ing temps. of molten fer- 
rous metal measured in 
open. Five temp. ranges. 
Write for FREE Catalog 
No. 80. 
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EIGHT INSTRUMENTS ALL IN ONE 


The improved PYRO Surface Pyro- 
meter handles all surface temperature 
measuring jobs. Has selection of 8 
types of thermocouples; all inter- 
changeable in seconds with no recali- 
bration or adjustment. 
Automatic cold end 
compensator, shock, 
moisture and dust 
proof. Accurate, big 
4%” indicator. Avail- 
able in 5 temperature 
ranges. Get FREE Cat- 
alogue No. 165. 


BETTER 
TEMPERATURE 
CONTROL FOR 
NON-FERROUS 

FOUNDRIES 


The Pyro Immersion 
Pyrometer is shock 
proof, moisture proof. 
dust proof, immune tc 
magnetic influences 
Shielded steel housing. 
Instantly interchan 
able thermocouples 
without adjustment or 
recalibration. Large 4 
scale. Equip with 
exclusive Leo Swivel. 
Ran 0-1500 and 0- 
2500 F. Get FREE Cat- 
alogue No, 150. 


THE PYROMETER INSTRUMENT CO. 


Plant & Laboratory 
BERGENFIELD 271, NEW JERSEY 


Manufacturers of Pyro Optical, Radiation 
Immersion and Surface Pyrometers 
for over 25 years. 




















For more information, Circle No. 489> 
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yesterday 


It's a far cry from the working model of the early 
Cincinnati Flamatic hardening machine shown at left to the 
“do-the-impossible” machines being run off today 
in the Flamatic Heat Engineering Laboratory. While 
the early machine hardened small gears in 
actual production and (among other things) helped 

 woveates to break a critical bottleneck in production 


of automatic 90 mm. gun loaders... 


today 


cuca” . one of Cincinnati's latest Flamafics (below) 


is hardening ball retention raceways in the assemblies 


for mounting propeller blades tofgo on aircraft we can’t 
talk about. Races must be surfage hardened to rigid 
specifications, before bearings Are installed in the large 


' j assemblies. The work holding fixture by itself is quite 
3 j a masterpiece. While Flamatiés are getting bigger 
and more versatile, the origynal principles still apply: 


concentrate heat, control temperatures and confine hardness. 


1 flamatic selective surface hardening 


acta RR ace 








Flamatic’s new modern heat engineering lab can handle 
your heat treat problems from development right 
through to production. Write for Catalog M-1724. 


* THE CINCINNATI MILLING MACHINE CO 
GARTDEAHIC 


CIACI**NATI 
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ACUUM PUMPS 
REE AIR DISPLACEMENT 


MODEL DVH 27.20.34 . . . 1800 CFM 
MODEL DVM 18.14.20. . . 780 CFM 
MODEL DVD 14.14.18 . . . 486 CFM 


MODEL DVD 14.9.18 . . . 311 CFM 
MODEL DVM 12.8.14 . . . 218 CFM 
MODEL DVD 8.8.10. . . . 110 CFM 
MODEL VSD 8.8.11... . 52 CFM 
MODEL VSM 7.7.8... . 27 CFM 
MODEL VSM 5.5.6 ... . 13 CFM 


COMPOUND | 


MODEL CVM 8.6.10 46 CFM 
MODEL CVM 5.5.6 . . « 15 CFM 
MODEL CVM 3534... 5 CFM 
MODEL CVM 3153... . 2 CFM 


More pumps 
to pick from! 


Kinney offers the BIG LINE of 
vacuum pumps —the broadest 
range of mechanical, oil-sealed 
vacuum pumps on the market. | 
Pick the exact pump you need | 
from our line. Get fast pump- | 
down, fast recovery speed, and 
reliable low absolute pressure — 

by buying the Kinney Pump that’s 

right for the job. Kinney vacuum 
engineers will be glad to discuss 

the applications of vacuum in 

your plant. Kinney Manufacturing 

Co., Boston 30, Mass. Represent- 
atives in New York, Chicago, De- 

troit, Cleveland, Atlanta, Phila- 
delphia, Pittsburgh, Los Angeles, 
Charleston (W. Va.), Houston, 

New Orleans, San Francisco, 
Seattle, and foreign countries. 


MD snp couron 


FOR DETAILS 











[ KINNEY 
| MANUFACTURING 
| COMPANY 

3523 Washington Street | 
| Boston 30, Mass. 


| Please send Bulletin V-51B describing the 
complete line of Kinney Vacuum Pumps. 


| | 
Re Ae | | 


| Address ..... sbiisasdncahtenchclehiitvehiweaaliailiolennds | 
City. | | 


Ei: t————— A 


SUBSIDIARY OF THE NEW YORK AiR BRAKECO, | 


Company......... 





For more information, Circle No. 453 
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and much of the chromium used in 
the original wire material. 

Previously, stainless steel was the 
only commercial material that met 
the requirements of Signal Corps 
Specifications for a reinforcing braid 
wire in cables known as the “Spiral 
four’ type. Since cable of this type 
is encased in a protectiy e cover, the 
superior corrosion resistance of nickel 
chromium steel is not required, and 
Battelle metallurgists were asked to 
develop a substitute for conservation 
purposes. 

H. O. McIntyre and George Man- 
ning, the men who developed the 
new alloy, stated that further devel- 
opment work is desirable. However, 
their work so far has shown that the 
properties defined for the new mate- 
rial can be expected from alloys with- 
in the following percentage ranges: 
Carbon, 0.08 to 0.15%; Chromium, 
9.0 to 11.0%; Manganese, 14.5 to 
18.5%; Silicon, 0.3 to 1.3%; Cop- 
per, 1.8 to 2.2%; and Nitrogen, .08 
to 0.15%, balance iron. 


Vacuum Ultraviolet 


To Aid Research 


A new vacuum ultraviolet spect- 
rometer is expected to broaden basic 
research in the field of actinologv 
and lead to improvements in matert- 
als used in electronics and fluorescent 
light sources such as those used in 
lamps and television tubes. 

General Electric engineers who de- 
veloped the new spectrometer re- 
vealed that it represents a great im- 
provement over existing bulky and 
complex apparatus. The new device, 
designed for maximum flexibility of 
use, is moveable and weighs only 600 
lb. Possible applications of the spec- 
tronmeter include making optical 
measurements of crystals. liquids, and 
gasses, photoconductivity measure- 
ments and determination of the exi- 
tation spectra of phosphors. 

The source used for the vacuum 
ultraviolet radiation is a low voltage, 
high current, hydrogen discharge 
lamp which is powered by standard 
110v A.C. 

Vacuum ultraviolet rays are simi- 
lar to solar rays found at altitudes in 
excess of 150 miles. A characteristic 
of rays of this wavelength is their 





here are 10 “reasons why” 


you'll be interested in 


DI-ACRO* ROLLERS 


1 Cam actuated idler roll—an exclu- 
sive feature—makes it possible to form 
small circles in one operation. 

2 Larger circles are formed in two op- 
erations. No limit to maximum radius. 

3 Bends are located at any point in 
metal—with straight sections on both 
sides of the bend. 

4 Material other than sheet is also 
formed. Special rolls supplied for spe- 
cial forming jobs. 

5 Eight models. Rated capacity to 16 
gauge. Forming widths from 6” to 42”. 

6 Di-Acro Rollers are easy to operate. 

7 Adjustments can be “locked in”— 
hundreds of parts precisely duplicated. 

8 Long, trouble-free service, all ma- 
chines backed by warranty. 

9 Engineering Service at your disposal 
for the life of the machines. 

10 Delivery is good. Cost is too. 


*pronounced Die-ack-ro 











LIKE MORE 
INFORMATION? 
Send for 32-page 

Catalog 





Gives complete details on Di-Acro Roll- 
ers, Brakes and hand and power oper- 
ated Benders, Notchers, Punch Presses, 
Rod Parters and Shears. Write now 
while the thought is still fresh in your 
mind. No obligation, of course. 


Creators of 
““DIE-LESS 
DUPLICATING” 












O’NEIL-IRWIN 


MFG. CO. 
382 8th Avenue 
Lake City, Minnesota 


For more information, Circle No. 392 
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FOR DETAILED INFORMATION 
on these and twenty other 
industrial applications 


ASK FOR BULLETIN 
No. 107-C 


35 TO 20,000 C.F.M.; 4 OZ. TO 10 LBS.; 1/3 TO 1,000 H.P. 
THE SPENCER TURBINE COMPANY ¢* HARTFORD 6, CONNECTICUT 


PENCER 


HARTFORD 
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.. or sealing heating ducts 





wrapping cores 


... this tape is IT. 


\ > YS 
be Tw’) 


Temp-R-TAPE 


A pressure-sensitive tape meeting Class H 
insulation requirements. 


cenit ites combine the excellent temperature stability, the 
resistance to ozone, oxidation, and weathering, and the high electrical 


characteristics of the silicones with the simple, dependable form of 
the pressure-sensitive tapes. 


Temp-R-Tape can be applied at temperatures as low as —65°F. 
and retains its adhesion at temperatures up to 400°F. 
Temp-R-Tape is unique as: 


a Class H insulating tape 
a high temperature sealing tape for heating ducts 


a wrapping tape for any material to be subjected to temper- 
ature extremes 


a masking tape for high and low temperature use 


WRITE FOR SAMPLES AND LITERATURE 


First in silicone rubber fabrication 


COHMRLASTIC Ways 


419 EAST ST. * NEW HAVEN, CONN. 





HARD RUBBER COMPANY 


For more information, turn to Reader Service Card, Circle No. 504 
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‘2 
inability to penetrate the earth's aye 
of atmosphere. G.E. scientists gai 
the new ultraviolet source ts not jimi 


tended to be used as a means 
studying the problems of space tray 
but that it might be useful in asseg. 
ing the effects of damaging radiatigg 
from atomic bomb blasts. High jp. 
tensity ultraviolet rays generated } 
nuclear fission are presumed to fy 
largely responsible for the serioy 
flash burns experienced in the Hiro. 
shima and Nagasaki explosions. 

While the new spectrometer is not 
yet generally available to industry 4 
this time, it is being used on projec 
which are devoted to producing ; 
better phosphor for television tube 
and fluorescent lamps, and for de. 
veloping new materials for electroni 
devices. 










Watch For 1954 a 


Materials Show 


The second Basic Materials Show, 
the product development show which 
had its premiere in New York last 
June, will be held in the Interna- 
tional Amphitheatre, Chicago, May 
17-20. 


Attendance at the first show ex- 
ceeded advance estimates by a large 
number and as a result the exhibi- 
tion space at the second exposition 
will be more than doubled and the | 
number of exhibitors will be in- 
creased by about 50%. 


Exhibits are limited to companies 
producing basic materials which 
go into the manufacture of other 
products. 
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@ Furnace manufactured by Sylvester & Co., Terminal Building, 


Cleveland, Ohio 


Look at the ways you reduce rejects and production 


® 
8 costs with a modern electric heat treating furnace equipped 
OW eatin with GLOBAR® Brand silicon carbide heating elements. 
For instance, this Sylvester rotary hearth furnace equipped 
) ry quipp 


with forty-eight GLOBAR non-metallic heating elements, 
is lowering production costs on jet engine turbine 


Elements can cut blades. This single 250 KW unit can heat 1200 Ibs. of 


steel per hour to 2150°F. 
4 Because loss of metal as scale can often be eliminated 

your heat treating costs by using a protective atmosphere, parts to be hardened are 

usually machined to exact dimensions... and cleaning 

after soaking i is unnecessary, in many cases. 
Get these advantages of furnaces using GLOBAR heating 
elements: pickling and acid disposal eliminated — permitting 
equipment to be located right in the production area; 
higher thermal efficiency— which cuts fuel costs; automatic 
controls —which lower labor costs; fuel handling and 


processing eliminated, as well as the added cost of furnace 
construction needed to burn other fuels. 
















GLOBAR® Heating Elements 


ive ou Let us show you how GLOBAR heating elements can best 
g y serve you in heat treating —or any other industrial furnace 

operation. Write today to The Carborundum Company, 
2 pga ++ per unit area Dept. MM 87-310, Niagara Falls, N.Y. 


WIDEST RANGE OF 
TEMPERATURES ... up to 
2750°F. 


SIMPLICITY of furnace 
construction. 


LESS DOWNTIME... no need 
4. to cool or unload during 
replacement. 


GLOBAR 


Heating Elements 
yCARBORUNDUM 


REGISTERED TRADE MARK 
87-300 


For more information, turn to Reader Service Card, Circle No. 370 
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. Insulated =~ 
Thermocouple Wire 

- Extension Lead Wire 

| FOR 


i 

PLATINUM COUPLES 

CHROMEL ALUMEL 
IRON CONSTANTAN 
COPPER CONSTANTAN 





IRON CUPRONEL 


No matter what your wire or insulation 
requirements may be, you can depend 
on Gordon ‘'Serv-Rite’’ insulated wire 
for pyrometers—recognized as a stand- 
ard of highest quality for nearly half a 
century. All ‘‘Serv-Rite’’ wire is now man- 
ufactured in the new, completely modern 
Gordon plant, employing up-to-date 
equipment and machinery, supervised 
and operated by skilled technicians— 
your guarantee of continued precision 
quality. In addition to maintaining large 
stocks of all common types of wire, 
Gordon will manufacture special insula- 
tion, in long or short runs, to suit your 
individual needs and meet your most 
rigid specifications. 


Ali Types of Insulation 


Felteg Asbesto. 


Asbestos Braid 


Weatherproof Braid 


Ss 
c 


Nylon Braid 


id 
Stainless Steel Armored Brai 


Silicone Treated 


Cotton Braid 


Lead Jacket 


etsce « 






The home of ‘SERV-RITE” 
Full Particulars on Request 


le del el oe a a 


4 4229 
Rele} ite) k 1 
$< SERVICE: >< : 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 


Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 


Dept. 24 + 3000 South Wallace St., Chicago 16, III. 
Dept. 24 - 2035 Hamilton Ave., Cleveland 14, Ohio 
¢ 


f 4 


L iad d 
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Technical Reports 
on Materials 


EVALUATION OF THE METHODS FOI 
MEASURING RESIDUAL STRESS AT THI 
SURFACE OF QUENCHED STEELS. James 
W. O’Brien, 1949. PB 110481, 43 pp. 
Available from Library of Congress, Pub- 
lication Board Project, Wash. 25, D. C 
Microfilm $2.50, photostat $6.25 


FATIGUE LIFE OF DECARBURIZED AND 
CARBON RESTORED INVESTMENT CAST 
SAE 1040 STEEL. Wade H. Shafer, U. S. 
Arsenal, Watervliet, N. Y., 1953. PB 
110463, 161 pp. Available from Library 
of Congress, Publication Board Project, 
Wash. 25, D. C. Microfilm $6.25, pho- 
tostat $21.25 Microstructure studies, car- 
bon diffusion curves and related infor- 
mation for five different conditions of 
test. 


MACROSCOPICHESCOYE OPREDELENIYE VO- 
DORODA B TVERDOI STALI (MACROSCOPIC 
DETERMINATION OF HYDROGEN IN SOLID 
STEELS). E. V. Podoliskaya and E. G. 
Shumovskii, Translated by I. C. Lecomp- 
te, edited by F. A. Raven, 1953. PB 
109902, 11 pp. Available from Library 
of Congress, Publication Board Project, 
Wash. 25, D. C. Microfilm $1.75, photo- 
Stat $2.50. 


METALLOGRAPHY OF AN IRON ALUMI- 
NUM ALLOY PREPARED BY ELECTRICAL 
RESISTANCE SINTERING. David Street, 
1949. PB 110483, 32 pp. Available from 
Library of Congress, Publication Board 
Project, W ash. 35, ete Microfilm $2.25, 
photostat $5.00. Investigation of changes 
in microstructure and other properties of 
an iron-aluminum alloy produced by elec- 
trical resistance sintering of a mixture of 
pure powders. 


Use OF 8-HYDROXQUINOLINE FOR THE 
FLUORIMETRIC DETERMINATION OF ALU- 
MINUM IN STEEL. Warren H. McMallen, 
1950. PB 110501, 33 pp. Available from 
Library of Congress, Publication Board 
Project, Wash. 25, D. C. Microfilm $2.25, 
photostat $5.00. Fluorimetric quantitative 
determination of aluminum of iow con- 
centration is accomplished by use of a 
fluorimeter employing two photocells to 
measure fluorescence. 


EFFECTS OF MOISTURE AND FUNGUS 
UPON ELECTRICAL INSULATING MATERIAL 
—A LABORATORY METHOD. J. M. Leonard 
and C. E. Patouillet, U. §. Naval Re- 
search Laboratory, 1949. PB 109863, 11 
pp. Available from Library of Congress, 
Publication Board Project, Wash. 25, 
De ¢G: 


PREPARATION OF REPRODUCIBLE BARIUM 
TITANITE CERAMICS. R. M. Callahan and 
J. F. Murray, U. $. Naval Research Lab- 
oratory, 1953. PB 111188. Available 
from Office of Technical Services, U. S. 
Department of Commerce, Wash. 25, 
D. C. $.25 Conditions required for mix- 
ing binder, lubricant and wetting agent. 





Use 


THIS PHOTO shows radium being used 
to take a radium-radiograph of a weld. 
Placing the radium centrally in the pipe 
and the film on the outside (held in 
place by white tape) permits radiograph- 
ing the entire circumferential weld with 
one exposure. 


ADIUM 


for the tough 
weld inspection 
jobs 


because radium-radio- 
graphing equipment is 
1. Portable 
2. Easily handled 
3. No training needed to 
operate 
4. Economical 
* 


For the same reasons that radium-radiog 
raphy has won nearly universal accept- 
ance in steel foundries throughout the 
country, it is becoming the preferred 
means of inspection in welding shops. 

No capital investment is required to have 
radium-radiography available for the in- 
spection of welds because the equipment 
may be rented or leased with economy. 


Write today for case histories and addi- 
tional information. 


RADIUM 


CHEMICAL 


CO., INC. 


161 East 42 Street, New York 17, N. Y. 
Marshall Field Annex Bldg., Chicago, Ill. , 
3974 Wilshire Blvd., Los Angeles 5, Cal. 


For more information, Circle No. 428 
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THERMOCOUPLES 


Revere manufactures all types of 
thermocouples for aircraft and 
industrial applications such as 
Moulding Presses, Oil Tempera- 
ture, Cylinder Head Temperature, 
Fire Detection Systems, etc.; in 
lron-Constantan or Chromel- 
Alumel, 





THERMOCOUPLE WIRE 


Stranding, wrapping, twisting 
and asbestos serving equipment 
enables Revere to produce ther- 
mocouple wire with cotton, glass, 
stainless steel, tinned copper 
and silver plated copper in ac- 
cordance with AN and MIL 


HARNESSES j $ 
Specifications. 


Flexible, semi-rigid, and rigid 

nesses are custom-made by 
Revere for virtually all aircraft 
engines and test stand opera- 
tions and for many industrial 
uses. Submit your special har- 


ness application today. wy 




















more 
a accurate 
temperature readings 


contact <évere 


your dependable | : 


CONNECTORS 


Thermocouple” Adapters, Termi- source of SU ] EXTRUDED PLASTIC WIRE 
nals, Fire Wall Connectors and A new high temperature thermo- 








<= 


ee 





Resistors are manufactured in plastic insulation extruded over 


accordance with AN-5540-2 and wires of all types, developed for 
AN-5541-1 specifications. All are use in hermetically sealed equip- 
ruggedly constructed to guaran- SEND FOR FREE BULLETINS! ment or hot wiring jobs. Avail- 
tee long life under hard usage. able in 14 colors. 
Accuracy—dependability—tong life are three necessary Revere's modern plant is capably staffed and equipped to 
attributes of temperature measurement equipment. On all offer complete and efficient service to all your temperature 
3 counts Revere products have established unsurpassed measurement requirements. Many standard stock items are 
performance records. Recognition of their quality by the available for immediate shipment. Special orders can be 
government and industry has made Revere one of the handled without delay. For more detailed information write 
foremost producers of thermocouples, thermocouple wire, to Revere Corporation of America, Field Engineering, Dept. 


harnesses, plastic-insulated wire, and accessories! 1, North Colony Road, Wallingford 2, Connecticut. 





REVERE CORPORATION OF AMERICA 


WALLINGFORD 2, CONNECTICUT, U.S.A. 


precision instruments for aircraft and industry 





For more information, turn to Reader Service Card, Circle No. 463 
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Model S-25 
Automatic 
Gas Fired 
“INCINOR” 
Mfd. by 
BOWSER, INC. 
finished 
in white 
SICON 


The sparkling white finish of 
this home incinerator stands 


flash temperatures of as: 


veh #5 60°F. 





Sicon 


Silicone Coating 


SICON withstands the shock of 
high heat combustibles without 
peeling or blistering. Retains 
luster and beauty over long pe- 
riods of time. Now used on all 
INCINOR models. SICON, the orig- 
inal silicone finish, has proved 
best for a long list of other na- 
tionally known products. 
WRITE FOR 
BULLETIN 531 


Sicon 


M A () 
= “7 | ry - ‘ e ~ 
— J FULAAASASUGEA O 





c 


J UMS 


Waukegan, Illinois 
NAMELS SYNTHETICS 
LACQUERS NISHES 


For more information, Circle No. 451 
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REPORT ON NATURAL GRAPHITE. Pau/ 


M. Tyler, National Research Council. Di 


vs 


sion of Engineering and Industrial Re 


earch. Minerals and Metals Advisory 
Board, 1953. PB 109911, 50 pp. Avail 
thle y} ))] Librar) yy ( OW re , Pu hlica 
tion Board Project, WV 23. Be 

Microfim $2.50, photostat $6.25 


EFFECT OF WELDING VARIABLES ON THE 
DEPTH, WIDTH AND AREA OF FUSION IN 
AN ALUMINUM ALLoy, USING THE AL- 
TERNATING CURRENT, ARGON-SHIELDED 
TUNGSTEN ARC WELDING PROCESS. 
Jack W. Cuthbert, 1949. PB 110482. 73 
pp. Available from Library of Congress, 
Publication Board Project, Wash. 25, 
D.C. Microfilm $3.50, photostat $10.00. 
Tests conducted on 52S-O aluminum to 
establish current and speed of travel con- 
ditions for welding. 


INVESTIGATION OF THE EFFECTS OF VA- 
RIOUS THERMAL TREATMENTS AND TYPES 
OF ELECTRODES ON THE DUCTILITY OF 
WELDED JOINTS IN _ SILICON - KILLED 
STEELS. Angelo J. Martini, 1950. PB 
110505, 83 pp. Available from Library 
of Congress, Publication Board Project, 
Wash. 25, D. C. 
tostat $11.25. 


Microfilm $3.75, pho- 


PRESSURE DEPENDENCE OF RESISTANCI 
OF GERMANIUM. Julius H. Taylor, Uni- 
versity of Pennsylvania, 1950. PB 109761, 
29 pp. Available from Library of Con- 
gress, Publication Board Project, Wash. 
25, D. C. Microfilm $2.00, photostat 
$3.75. General theory and methods for 
measurement of changes in conductivity 
due to changes in pressure in the range 
1000-5000 psi. 


SECONDARY ALUMINUM INDUSTRY IN 
rHE U.S.A. REPORT OF THE TECHNICAL 
ASSISTANCE MISSION No. 19. Organiza- 
tion for European Economic Cooperation, 
Parts, 1952, 103 pp. Available from Co- 
University Press, New York, 
N. Y. $2.50. 


, | 
tH bia 


ULTRASONICS APPLIED TO SOLIDIFICATION 
AND SOLID-STATE TRANSFORMATION. By- 
ron Jone f, Aeroprojects, Inc., West Ches- 
ter, Pa., 1951. PB 110465, 80 pp. Avail- 
able from Library of Congress, Publica- 
tion Board Project, Wash. 25, D. C. 
Microfilm $3.50, photostat $10.00. UI- 
trasonic energy applied to 24S and 75S 
aluminum alloys after solution heat treat- 
ment. Effect of age hardening evaluated 
by Brinell hardness and tensile tests. 


X-RAY INVESTIGATION OF THE STRUC- 
TURE AND LATTICE PARAMETERS OF 
MAGNESIUM - LITHIUM - ALUMINUM. _TER- 
NARY ALLOYS AT ROOM TEMPERATURE 
AND AT 600 F. Raymond J. Towner, 
1950. PB 110478, 39 pp. Available from 
Library of Congress, Publication Board 
Project, Wash. 25, D.C. Microfilm $2.25, 
photostat $5.00. 


RADOME MATERIALS RESEARCH AND FAB- 
RICATION DEVELOPMENT SERVICE. Good- 
year Aircraft Corp., Akron, Ohio. Final 
engineering report. J]. K. Burkley, E. 
Duplaga, H. A. Pace, B. D. Faffel, 1948. 
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154 varied applications of 
molybdenum sulfide in the 
shop and in the field are de- 
scribed in a new booklet now 
available. This solid-film lubri- 
cant has demonstrated unique 
anti-friction properties under 


conditions of extreme pressure, 
high velocity, elevated tem- 
perature, or chemical attack. 


The 40-page booklet contains 
the records of solved lubrica- 
tion problems — some might 
solve your own. 


Moly-sulfide 


A LITTLE DOES A LOT 


The lubricant 
for extreme conditions 


Climax Molybdenum Company 


500 Fifth Avenue 


New York City 36-N-Y 
Please send me your Free Booklet 






MM-12 MS-6A 


For more information, Circle No. 477 
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How to Find The Right Finish for Zinc 





Plastisol coating outlasts 
metal 4 to 1 in 
corrosive application 


Here’s a case showing the extraordinary 
protection that can be given to metals. 

Bleach reduction chambers of a noted 
chemical producer were coated with a 
Unichrome Plastisol Compound. This 
user reported that the coating gave 4 
times longer service than even special 
alloy metals before requiring mainte- 
nance! The exceptional chemical resist- 
ance displayed by these vinyl] coatings is 
fortified by the thickness they develop— 
up to 3/16”. Tough and elastic, they bake 
to stable form at 350° F. The Technical 
Service Department of United Chro- 
mium can be consulted on the suitability 
of these compounds for any specific 
application. 


Formula for a 
chromium-bright 
lasting zinc finish 


Here’s the “substitute” finish that be- 
came standard for so many products 
because of its quality. First, a plate of 
0002” to .0005” of zinc on the product. 
Then a quick dipping in Unichrome 
Clear Dip Solution for brilliance and 
corrosion resistance. Lastly, a Unichrome 
Clear Enamel which seals in the bril- 
liance despite handling and exposure. 


Copper platers doing 
smoother, faster work 


In recent months, many plants have 
installed the Unichrome Copper Plating 
Process as they got into full swing again 
on copper plating. When it came time to 
increase capacity, new tanks also got 
Unichrome Copper. For obvious reasons. 
The bath plated fast. The deposits were 
smooth. Buffing costs were reduced 
because the finish buffed easily, if it 
needed buffing at all. The bath contains 
no cyanide. 


UNITED CHROMIUM, INCORPORATED 


100 East 42nd $t., New York 17, WN. Y. 

Waterbury 20, Conn. * Detroit 20, Mich. 

Chicago 4, Ill. * Los Angeles 13, Calif. 
In Canada: 

United Chromium Limited, Toronto, Ont. 
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Complete line of chromate treatments gives finishers greater 
control over type of process, color, costs and operating method 





Improved chromate-treating methods 
have been largely responsible for the 
increased use of zinc as a finish in the 
past several years. For several reasons. 
They give zinc the extra protection 
against corrosion required by Govern- 
ment specifications. They can produce 
attractive decorative finishes. They pro- 
vide a base for better adhesion of paint 
and lacquer. 

Today, United Chromium offers metal 
finishers and designers the most com- 
plete line of chromate treatments avail- 
able. This wide choice results in sub- 
stantial benefits because it means a fin- 
ish not “almost as good as” but rather 
the one that best meets the user’s needs. 


TWO WAYS TO PROCESS — 
DIFFERENT COLORS 


By straight chemical conversion, 
Unichrome Dip solutions produce black, 
olive drab, brass-yellow, iridescent yel- 
low or clear chromate coatings in 5 sec- 
onds to 2 minutes. The black and olive 
drab processes can produce finishes 
with the eye appeal of glossy enamel. 
Unichrome Dips use simple equipment, 
minimize installation costs. 

The Anozinc* processes produce 
black, yellow or clear coatings electro- 
lytically. These are tough, very econom- 
ical finishes that can be handled while 
wet. 

With both Anozine and Unichrome 
Dip processes, the finish becomes an in- 
tegral part of the zinc coating. 


For more information, turn to Reader Service Card, Circle No. 492 





WHAT THE RIGHT FINISH MEANS 


To a company treating zinc plated hard- 
ware, Unichrome Dip No. 95 means 
better “mileage” and a brighter, more 
corrosion resistant finish than formerly 
obtained. 

Toaplating superintendent, Unichrome 
Dip No. 98 means reduced costs, because 
he uses only half as much compound as 
before in make-up, and gets a solution 
with longer life. 

To companies turning out zinc plated 
shell cases, Anozinc* means more eco- 
nomically producing a uniform, brassy 
protective finish inside and out. On a 
run of 26,000 20 mm cases, for example, 
one company got only 84 rejects. 

To another user, Unichrome Dip 1081 
—a dry compound—meant reduced ship- 
ping costs and fewer glass carboys to 
handle. 

To a well known automotive supplier 
who replaced a “home made” chromate 
solution, Unichrome Dip No.95 meant a 
33% saving on materials cost alone. 

In all cases, using a Unichrome proc- 
ess also means the service and experi- 
ence of a United Chromium engineer 
who is often instrumental in ironing out 
users’ operating problems. 


SEND FOR SPECIFICATION CHART 


A chart to save time and help locate the 
best-suited chromate-treating material 
is available. Also Bullein CC-1 describ- 
ing Unichrome Dips and Anozinc. Write 
for your copies. *Trade Mark 
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FASTENINGS 


GRC WING NUTS 

Exclusive, finger-grip design; easy 
to assemble, disassemble; brightly 
finished; clean threads. 


GRC CAP NUTS 


Die Cast, not turned! Free of tool | 
marks, and cut-off burrs; class 2 
threads tapped square with face of nut. P 


Rie Y 
ay 
Ma 


~*~ 


GRC SMALL TUBULAR RIVETS 
Die cast, not headed! Closer tolerances, more 
uniform heads for greater riveting efficiency. 
Dia. up to 9/16”; lengths to 5/16”. 





NEW! GRC WING SCREWS 


A steel screw combined with GRC’s 
attractive finger-grip wing-nut. 


i i ast zinc alloy fastenings are durable, 
© RUSTPROOF por gl p ‘ <aianinal, too! All Gries fasten- 
ings may be used without protective finishes in 
® DEPENDABLE most applications. Furnished in all commercial fin- 
Fs ishes when desired. Prompt delivery on standard 

@ DURABLE i sizes—specials to order. 
: WRITE TODAY FOR SAMPLES AND PRICES | 


GRIES REPRODUCER CORP. |: 


153 Beechwood Ave., New Rochelle, N. Y. © Phone NEw Rochelle 3-8600 


[ 
































Spinning, forming and fabrication facilities 
can produce the shape or part you need for 
Aircraft, Electronics or Automotive appli- 
cations. If you use shapes or sections like 
the items shown here, or if you have a 
“headache item’’—send blue print or sam- 
ple for quotation, or write for Facilities 
List and Brochure to: 


ROLAND TEINER COMPANY, INC. 


134 TREMONT ST., EVERETT 49, MASS. © EV 7-7800 


Engineering Offices: Chicago, Cincinnati, Detroit, Fort 
Worth, Kansas City, New York, Los Angeles 





For more information, turn to Reader Service Card, Circle No. 502 
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PB 110497, 129 pp. Availal 
Library of Congre ss, Publicati 
Project, Wash. 25, D.C. Mics 


bhotostat $16.25 


EFFECT OF THE CATALYTIC ION 
TAINING CRACK FREE STRUCT! 
CHROMIUM PLATING. Herbert L. 5 
1950. PB 110499, 37 pp. Available fro, 
Library of Congress, Publication 
Project, Wash. 25, D.C. Microfilm § 
photostat $5.00. 


RAPID METHOD FOR THE SEMI-QUANTI. 
TATIVE SPECTROGRAPHIC ANALYSIS 0) 

WipE RANGE OF MATERIALS, An A. F 
R. E. Report. F. T. Birks. Great Britain 
Ministry of Supply. Atomic Energy R- 
search Establishment, 1953. Availabl 
from British Information Services, 3 


Rockefeller Plaza, New York, N.Y. $.35. 


DEVELOPMENT OF TEST METHODS Fo; 
EVALUATION OF MATERIALS USED As 
THREAD AND ANTI-SEIZE COMPOUNDS. 
QUARTERLY ReEporRT, OctT.-DEc. 195} 
John W. Cunningham and William A 
Moore. Southwest Research Institute, San 
Antonio, Texas, 1952. PB 110476, 

pp. Available from Library of Congres 
Publication Board Project, Wash. 25 
D. C. Microfilm $2.25, photostat $5.00 


MECHANICAL TESTS: DEVELOPMENT Of! 
A STANDARD BEND TEST FOR CEMENTED 
CARBIDES. Alden M. Burghardt and Alex- 
ander §. Elder. U. S. Arsenal, Water. 
town, Mass., 1950. PB 110493, 29 pp 
Available from Library of Congress, Pub- 
lication Board Project, Wash. 25, D. C. 


— 


Microfilm $2.00, photostat $3.75. 


ANALYSIS OF THE THEORY, HISTORY 
AND DEVELOPMENT OF METHODS O! 
CONTINUOUS CASTING OF METALS. Rol 
ert L. Seaman, 1950. PB 110470, 93 pp. 
Available from Library of Congress, Pub- 
lication Board Project, Wash. 25, D. C 
Microfilm $4.25, photostat $12.50. 


TRANSISTOR, SELECTED REFERENCE MaA- 
TERIAL ON CHARACTRISTICS AND APPLI- 
CATIONS. Prepared for Western Electric 
Co., Inc. Bell Telephone Laboratories, 
Inc., New York, 1951. 800 pp. Available 
from Office of Technical Services, U. S. 
Department of Commerce, Wash. 25, 
D. C. Mimeo: $20.00. 


APPRAISAL OF RESEARCH AND DEVELOP- 
MENT OF PERMANENT MAGNET MATE- 
RIALS. National Research Council 
Division of Engineering and Industrial 
Research. Minerals and Metals Advisor) 
Board, 1953. PB 109913, 211 pp. Avail 
able from Library of Congress, Publica- 
tion Board Project, Wash. 25, D. ¢ 
Microfilm $7.75, photostat $27.50. 


COMPARISON OF FRAMING IN WELDED 
STEEL AND ALUMINUM, INCLUDING TH! 
DESIGN OF WELDED STEEL AND ALUMI! 
NUM PLATE GIRDERS AND TRUSSES. G0’ 
don Dickson Orr, 1950. PB 110502, 8 
pp. Available from Library of Congres 
Publication Board Project, Wash. 25 
D. C. Microfilm $3.75, photostat $11.25 


MATERIALS & METHODS 
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BOOK REVIEWS 


Fatigue of Metals 


FATIGUE OF METALS. By R. Cazaud. 
Translated from the French by A. ]. 
Fenner. Published by the Philo- 

phical Library, New York 16, 
N. Y., 1953. Cloth, 6 by 9 in. 334 
»». Price $12.50 . 

rhis book is a comprehensive sur- 

ey of the behavior of metals under 
cyclic stresses by an authority who has 
spe nt many years in investigation of 
the subject. Although the original 
French edition was published in 1948, 
the translator has included some re- 
search work completed since that time 
and the book is an up-to-date presen- 
tation. 

[he work contains a comprehen- 
sive discussion of the separate or com- 
bined influences of stress fatigue prop 
erties of a wide range of metals and 
The remainder of the book 
deals with the effects of sharp changes 

section, discontinuities and other 

tors which are not constant on the 
fatigue life. This review of practice 
and experience should be helpful in 
the selection of materials and im- 
provements in design to minimize 
fatigue failures. 

The book is well illustrated and 
contains many tables of data on fa- 
tigue properties. It contains a com- 
prehensive bibliography which is par- 
ticularly rich in references to Euro- 
pean sources. It should be on the 
reference shelf of every engineer en- 
gaged in a study of the fatigue of 
metals. 


aliOyVs. 
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Technical Service Data Sheet 
Subject: HOW TO MAKE PAINT STICK TO 


GALVANIZED IRON WITH |THOFORM® 








Correction 


| The correct subscription rate of 
| Metal Industry Handbook (reviewed 

in the September, 1953 issue) is 
| $10.00. 


INTRODUCTION 


“Lithoform” forms a dense, zinc phosphate coating on zinc, cadmium, 


and galvanized surfaces—including Galvanneal, cadmium plated steel, 


zinc plated steel, zinc base alloys, and zinc base die castings. The 


“Lithoform” coating, which is non-metallic and inactive, retards reaction 


between alkaline metal oxide and the paint film. Peeling and loss of 


adhesion are thus greatly retarded on painted Lithorized zinc and cadmium. 


ADVANTAGES 


“LITHOFORM” 


“Lithoform” forms a durable 
bond for paint. It is economical. 
It eliminates frequent repaint- 
ing. It protects both the paint 
finish and the metal underneath. 
“Lithoform” meets these Gov- 
ernment Finish Specifications: 

QQ-P-416 

RR-C-82 

MIL-E-917A (Ships) 

JAN-F-495 

AN-F-20 

U.S.N. Appendix 6 





paint life. 








Photograph by courtesy of 
Murray Manufacturing Corp. 


Murray Circuit Protectors are 
magnetic and provide maximum pro- 
tection for both domestic and indus- 
trial wiring. Housings are of galvanized 
iron which is Spray Lithorized for long 


fully 








THE LITHORIZING PROCESS 


“Lithoform” can be applied by brushing or spraying the work with simple 
hand equipment, by dipping it in tanks, or by spraying it in industrial 
power washers. 


Brush. Galvanized bay windows, cornices, rain gutters, hardware, 
building siding, truck panels, and farm equipment are typical of the many 
surfaces that are treated effectively with Brush “Lithoform”. 


Dip. This grade is used for coating cleaned surfaces of such typical 
products as cabinets, refrigeration condensers, etc., immersed in heated 


solutions in tanks. 


Spray. The spray process is the most logical one with which to coat 
sheets, coiled strip or duplicate products best processed on a conveyor. 














(More Reviews on page 252) 
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WRITE FOR FURTHER INFORMATION ON “LITHOFORM” 
AND ON YOUR OWN METAL PROTECTION PROBLEMS. 


For more information, turn to Reader Service Card, Circle No. 500 
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For more information, turn to Reader Service Card, Circle No. 450 








“FERNLOCK”’ 


COPPER POWDER 


The fern-like shape 

of the particles 

produces an interlocking 
effect under pressure. 
Thus a greater strength 
is obtained than is 


possible with flake or 





rounded particles. Losses 


due to chipping and cracking 





are cut down. 


Write for information 


Malone Metal Powders, Inc. 


220 West 42nd St.. New York 36. N. Y. 


Phone: WI 7-7250 
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(continued 


Other New Books 


HANDBOOK OF MATERIAL TRAD! 
imnn ly ? j 
Todas Research Ses 
\. 1953. 7Y% 10% in, 794 
$20.00. The new and enlarged editi 


comprehensive volume contains listings 


15,000 trade name materials. Ea 
which is a registered trade mark i 
identified as such and non-registered. 
and common names are appropriate] 
nated. The use f a classificatior 


has been added to this edition. Fin 


book contains an expanded company 
tory section which includes not only th. 
and mailing address of each company, b 
lists the 


scribed in 


company’s products that 


the book. 


SYMPOSIUM ON PLASTICS TESTING—PrEseEx 
AND Future. Published by The America 
Society for Testing Materials, Philadelphia 3. 


Penna., 1953. Paper, 6 by 9 in. 76 pp. Price 
$2.00. The papers included here were pre. 


sented at the Symposium on Plastics Testing 

Present and Future, which was organized 
by the ASTM Committee D-20 on Plastics 
and held at the Fifty-fifth Annual Meetin; 
of the Society in New York in June of 195 
The following titles show the wide ran; 
topics covered: ‘*‘The Measurement and Sier 
ficance of the Mechanical Strength Properties 
f Plastics’’, C. H. Adams; 
the Effect of Temperature on 
Properties of Plastics’, J. P. Tordella, A. C 
Webber, and E. B. Cooper; ‘‘Measurement of 
Color, Gloss and Haze’’, Harry K. Hammond 
and George W. Ingle: “‘The Effects of Mold- 
ing Conditions Upon the Permanence of Plas- 
tics’, J. L. Williams and J. W. Mighton; 
**Residual Stresses in Phenolic Plastics”, L. E 
Welch and H, M. Quackenbos, Jr. 
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Corrosion (A Series or Papers REPRIN 


FROM ‘“‘RESEARCH”’’ VotuMeE 5, 1952) 
lished by Interscience Publishers, Inc., N 
’ ogk 7 Ny Y 1952 Paper 7 by Q in 

f rice $1.75 The titles tf these 


eprinted from an English publ 7 
**Metallic Corrosion”; “‘Preventior 
Corrosion of Ships in Sea Water by Means 


of Cathodic Protection’ 


cation are 


follows: 


- “Prevention of ( 


rosion of Ships in Sea Water II. Catl 
protection by mpressed rrents”’ P 
vention of Corrosion |! Metallic Coating 
“The Protective Action of Paints”; “Prev 
tion of Corrosion by Means of Inhibitors” 
“‘Corrosior Testing’ ‘Vapour Phass | 


hibitors”’ 


SYMPOSIUM ON STRENGTH AND DUCTILITY 01 
Merats at ELevatep TEMPERATURES. The 
American Society for Testing Materials, Phil- 
adelphia 3, Penna., 1953. Paper, 6 by 9 m. 
249 pp. Price $3.25. The papers and discus- 
sions contained here were presented at the first, 
third and sixth sessions of the Fifty-fifth Ar 
nual Meeting of the American Society for 
Testing Materials held in New York, June 23 
1952, This symposium was sponsored by the 
Joint ASTM-ASME Committee on Effect of 
Temperature on the Properties of Metals. 


LINEAR ScALE NON-LOGARITHMIC SLIDE RULES 
By Morris L. Groder. Published by G & G 
Corp., Brooklyn 29, N. Y., 1953. Paper, 5 by 
8 in. 64 pp. Price $2.98. The principles dé 
scribed in this volume are presented as too! 
for constructing general, special, and emer: 
ency slide rules. The illustrations reveal that 
the shape and size of these computers do n 
conform with the commonly accepted versio: 
of the slide rule. However, the author has co! 
structed linear scale slide rules on logarithm 
slide rule bodies. The computers described he: 
were expressly designed from the viewpoint « 
convenience in construction and application. 
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steel weldments engineered and 


| by this company (40) 
seel Tubing. Summerill Tubing Co., Div 
ia Steel and Shafting Co., 8 pp 
drawn steel tubing for hydraulic 
ons (41) 
Alloyed Gray Iron Castings. Superior 
Inc., 8 pp, ill. Gives advantages, 
itions, and illustrates production 
s of Superiors electric furnace 


for producing alloyed gray iron 
zs (42) 


Strip Steels, Ete. Superior Steel Corp., 12 
' Detailed data on the proper selec- 

Superior strip steels, stainless steels, 
SuVeneer Clad Metals, alloy and spring 


teels, etc. (43) 


Precision Casting. Thompson Products, Inc., 
Metallurgical Products Div., 8 pp, ill, No. 
MP-53-1. Discusses the Intricast process of 
precision casting any castable metal or al- 
loy (44) 


Steels. Timken Roller Bearing Co., Steel 
x Tube Div., Canton, Ohio. Complete cat- 
alog of steels produced by this company. 
Request On company letterhead direct from 
Timken. 


Steel Forgings. Titusville Forge Div., 
Struther Wells Corp., 8 pp, ill. Describes 
facilities for precision forging of parts re- 
gardless of size, metal or alloy. Shows nu- 
erous parts produced (45) 


Cylinder-Finish Tubing. Tube Reducing 
Corp., 4 pp, ill, No. R-7. Illustrates close 
tolerances and good surface finish obtained 
in compression formed tubing. (46) 


Ferro-Alloys and Metals. Vanadium Corp. 
of America, 24 pp, ill. “The Vancoram 
Review’ presents technical articles on ap- 
plications and developments in ferro metal- 
lurgy especially concerned with vanadium 


alloys (47) 


Prealloyed Steel Powders. Vanadium-Al- 

ys Steel Co., 4 pp, ill. Discusses ad- 
vantages and manufacture of prealloyed 
teel powders claimed to give qualities 
available in wrought steels. (48) 


Metal Shapes Tubing. Van Huffel Tube 
Corp., 24 pp, ill. Tables for metal shapes, 


<kstream tubing, butted tubing, welded 
bing, angles and channels (49) 


Screw Machine Parts and Other Metal Forms. 
Worthington Corp., 7 pp, No. W-350-BSC. 
Describes valves, flanges, hose nipples, bars, 
welding electrodes and screw machine prod- 
ucts available. (50) 


Mechanical Tubing. Youngstown Sheet & 
Tube Co., 4 pp, ill. Features size and 
wall thickness of a complete line of Yoloy 
electric weld mechanical tubing. (51) 


Castings. Meehanite Metal Corp. A handy 
slide-rule type chart giving complete physi- 
al specifications for four basic types of 
Meehanite castings. (87) 


Metals @ Parts ® 
Forms 


Nonferrous 


Aluminum Castings Alloy. Acme Aluminum 
\lloys Inc., 8 pp, ill. Technical data on 
icme Almag 35, a light weight aluminum 
asting alloy combining high strength, duc- 
ility and impact resistance. (52) 
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Bronze Alloys. American Manganese Bronze 
Co., Rhawn & Torresdale Ave., Philadel- 
phia, 46 pp. Data on properties and speci- 
fications of bronze alloys for casting. Re 
quest direct from company on_ business 


letterhead 


Magnesium Castings. American Radiator 
and Standard Sanitary Corp., 8 pp, ill, Ni 
377. Illustrates the tacilities of this con 
pany for producing magnesium sand 


molded castings. (53) 


Aluminum Alloys. Apex Smelting Co., 24 
pp, ill. Discusses composition, typical me- 
chanical properties, heat treatments and 
basic foundry applications of the standard 
aluminum alloys produced by Apex. (54) 


Precision Investment Castings. Arwood Pre- 
cision Casting Corp., 16 pp, ill. Informative 
article on precision investment castings. In- 
cludes table of ferrous and nonferrous al- 
loys recommended as most adaptable for 
this process. (55) 


Magnesium. Brooks & Perkins, Inc., 8 Pp, 
ill. Describes the facilities and services of 
this company for fabricating magnesium. 

(56) 


Pre-Coated Metal Strip. Coated Coils Corp., 
3 pp, ill. Versatile color finishes produced 
by an exclusive process is illustrated by ac- 
tual sample of Enamelstrip, the metal coil 
pre-coated in color. Address inquiries to 
Mr. Marvin Richfield, Adv. Mgr., 513 W. 
40th St... New York, N.Y. 


Custom Extrusions. Conneaut Rubber & 
Plastics Co., 4 pp, ill, No. CR-53. Facili- 
ties of this company for producing a variety 
of precision made extrusions. (57) 


Die Cast Parts. Dollin Corp. Bulletin 
describes advantages of using this com- 
pany’s facilities for production of small 
zinc or aluminum precision cast parts. (58) 


Nickel Alloy Products. Driver-Harris Co., 
4 pp, ill. D-H Alloy Craftsman describes 
various applications of Nichrome and monel 
wires and forms (59) 


Magnesium and Aluminum Castings. Eclipse- 
Pioneer Div. Foundries. ‘Book of Facts’ 
shows company’s facilities for custom-mak- 
ing aluminum and magnesium castings. 


(60) 


Die Cast Parts. The Electric Auto-Lite 
Co., Die Casting Div., 16 pp, ill, No. 
Gi37. Describes facilities for economical 
manufacture of quality die castings. (61) 


Chromium Carbides. Firth Sterling Inc., 4 
pp, ill. Properties and uses of chromium 
carbide-nickel and chromium carbide-tita- 
nium carbide-nickel compounds. (62) 


Aluminum Alloy. Frontier Bronze Corp. 
Data on Frontier 40-E aluminum alloy, 
combining high strength, good shock and 
corrosion resistance, machinability. (63) 


Copper-Clad Aluminum. General Plate Div., 
Metals & Controls Corp., 6 pp, No. 702C. 
Technical data on Alcuplate, a composite 
metal consisting of a layer of aluminum on 
which a thin layer of copper is clad on 
either or both sides. (64) 


Copper and Brass Tubing. H & H Tube & 
Mfg. Co. Describes a complete line of 
seamless braze and lock seam copper and 
brass tubing. (65) 


Short Run Stampings. HPL Mfg. Co., 4 
pp, ill, No. 718. How this company’s 
facilities permit the rapid, inexpensive 
production of small lots (25 to 25,000 
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pieces) of stamped parts for experimental 
or development work. (66) 


Die Castings. The Hoover Co., 12 pp, ill, 
No. 853 Shows this company’s facilities 
for producing zinc and aluminum die cast 
ings. Includes design helps, describes ap- 


plications (67) 
Nickel Alloys Nickel Co 
Inc., 32 pp, ill. Revised edition gives com 
plete data on nickel alloys in railroad equip- 
ment. (68) 


International 


Precision Cast Parts. The Jelrus Co., Inc. 
Advantages of centrifugal precision casting 
for custom manufacture of complex parts 


accurately and quickly. (69) 


Sleeve Bearings. Johnson Bronze Co., 3 pp, 
ill. Technical data show how to select the 
correct bearing material. (70) 


Warehouse Service. Korhumel Steel & 
Aluminum Co., 6 pp, ill. Description of 
personalized warehouse service for steel, 
aluminum, phosphor bronze materials and 
other services. (72) 


Magnesium. Magline Inc., 8 pp, ill. Facili- 
ties for fabricating magnesium and pro- 
ducing sand castings. (73) 


Titanium and Its Alloys. Mallory-Sharon 
Titanium Corp., 16 pp, ill. Current data 
on the properties of various grades of ti- 
tanium and titanium alloys. (74) 


Die Castings. Paramount Die Casting Co., 
4 pp, ill. Facilities of this company for 
producing aluminum, magnesium and zinc 
die castings. (75) 


Die Castings. Racine Die Casting Co., 8 pp, 
ill. Zinc or aluminum castings of various 
sizes illustrated, with facilities for their 
manufacture. (76) 


Bushings. Randall Graphite Bearings, Inc., 
12 pp, ill, No. 100. Complete price list of 
bronze bushings and specially grooved 
bushings; specifications of bored and solid 


bronze bars. (77) 


Titanium and Its Alloys. Republic Steel Corp., 
32 pp, ill, No. 588. A practical working 
manual presenting some basic and fairly 
well substantiated data on commercial qual- 
ity titanium and its alloys. (78) 


Lockseam Tubes. Revere Copper and Brass, 
Inc., 46 pp, ill. Contains comprehensive 
listing of more than 100 shapes of lock- 
seam tube and rolled moldings of interest 
to manufacturers in the automotive, house 
furnishings, hardware and farm implement 
fields. (79) 


Roll Formed Aluminum. Reynolds Metals 
Co., 8 pp, ill. Description of production of 
aluminum continuous roll-formed shapes. 

(80) 


Aluminum Strip. Scovill Mfg. Co., 20 pp, 
ill. Booklet covers 64 years of work on 
aluminum by Scovill, and includes specifi- 
cations of alloys supplied to industry. (81) 


Tungsten Carbide Parts. Sintercast Corp., 9 
pp, ill. Complete information on a variety 
of custom-made tungsten carbide compo- 
nents. (82) 


Tungsten and Molybdenum. C. Tennent & 
Sons Co., 20 pp, ill. Tungsten and molyb- 
denum products, in both sheet and wire 
form. Includes sizes and physical proper- 
ties. (83) 


Light Metal Castings. Thompson Products 
Inc., 8 pp, ill. Describes a complete line 
of precision die castings for various indus- 
trial uses. (84) 
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Aluminum Wire. U. S. Rubber Co., 30 pp, 
tables. A handbook describing the uses 
and properties of aluminum for power and 


lighting wire (85) 
Bearings, Bushings. Wakefield Bearings 


Corp., 8 pp. Booklet illustrates Graves, 
Coprex and Woodex oilless and self lubri 
ating bearings, bushings and machine 
irts. Also, 12-page booklet listing stand- 
ard sizes of bearings (86) 


Nonmetallic Materials ¢ 
Parts @ Forms 


Plastic Moldings. Accurate Molding Co. 
Describes facilities for producing precision 
plastic moldings. Case histories given. (90) 


Polyethylene Resins. American Agile Corp., 
8 pp. Comprehensive summary of physical 
and chemical properties of Agilene poly- 
ethylene resins fabricated by this company. 


(91) 


Molded Plastics, Hard Rubber. American 
Hard Rubber Co., 80 pp, ill. Handbook of 
properties, tolerances and weights; design 
techniques, machining and finishing methods 
for this firm’s hard rubbers and plastics. 

(92) 
Hermetic Terminals. American Lava Corp., 
4 pp, ill, No. 524. Metallized ceramic 
materials with hermetically sealed electri- 
cal components. (93) 


Emulsion Adhesive. American  Resinous 
Chemical Corp., 1 p, No. A44. Technical 
data sheet announcing the qualities of a 
new emuision adhesive for heat resistant 
bonds to paper, fabric, leather and other 
surfaces. (94) 


Extruded Plastics. Anchor Plastics Co., 12 
pp, ill. Applications of thermoplastic rods, 
tubes and shapes. Summary of properties 
of plastics materials with usage table. (95) 


Plastic Pipe. Anesite Co., 2 pp, ill. Speci- 
fications and applications of Black-Buty 
plastic pipe, designed to combat corrosion 
and avoid paraffin build-up in gathering 
lines and salt water disposal systems. (96) 


Aluminum Adhesive. Armstrong Products 
Co., 6 pp, ill. Features the properties of 
adhesive for bonding aluminum at contact 


pressure. (97) 


Plastics Packaging Materials. Bakelite Div., 
8 pp, ill, No. G-12. Properties, description 
and applications of Bakelite and Vinylite 
coatings, molded and blown products, 
sheeting and adhesives for packaging. (98) 


Plastic Sheet. Campco Div., Chicago Molded 
Products Corp., 4 pp, ill. Applications, 
information and engineering data on Camp- 
co $-300, polystyrene rubber in rigid sheet 
form. (99) 


Wear Resistant Carbides. Carboloy Dept., 
General Electric Co., 12 pp, ill, No. WR- 
107. Latest information on the use of 
cementing carbides in wear-proofing pul- 
verizing equipment used in applications 
ranging from processing alfalfa to pulver- 
izing powdered metal. (101) 


Plastic Pipe. Carlon Products Corp., 4 pp, 
ill. Contains factual informative answers 
to most frequently asked questions about 
carbon flexible plastic pipe and carbon rigid 
pipe. (102) 
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Optically Clear Plastic Sheets. Cast Optics 
Corp., 8 pp, ill. Presents uses, features and 
fabrication of various optically clear rigid 
plastic sheets (103) 


Plastics. Ciba Co., Inc., Plastics Div., 625 
Greenwich St., New York 14, N. Y. Com 
plete technical data on the physical prop 
erties and recommended procedures for the 
successful use of Araldite Resins for in 
dividual fabricating needs. Write direct to 
Ciba on company letterhead 


High Temperature Insulation. Continental 
Coatings Corp., 8 pp, ill. Properties, typi- 
cal applications and methods of applying 
Hylag insulation for high temperature 
equipment. (104) 


Sheet and Fiber Specialties. Continental- 
Diamond Fiber Co., 12 pp, ill, No. GF-54. 
Tensile, flexural, shearing and compressive 
strengths and other material qualities of 
laminated plastics sheets, tubes, rods, teflon 
sheets and tapes and other plastic products. 

(105) 


Molded Plastics. Dayton Rogers Mfg. Co.., 
{ pp, ill, No. 242. Describes this com- 
pany’s facilities for low cost production of 
molded plastics in small lots. Gives costs 
of sample products. (106) 


Plastic Bearing Material. Dixon Saddle Co., 
2 pp. Typical properties of Rulon, a plas- 
tic bearing material that requires no lubri- 
cation. (107) 


Plastic Lined Fittings. The Dow Chemical 
Co., 32 pp, ill, No. SL6-N-250. Properties, 
design data and applications of Saran-lined 
steel and iron pipe fittings and valves. 
(108) 


Silicone Rubber. Dow Corning Corp. Techni- 
cal data sheets on properties, applications 
and plating and coloring two new silicone 
rubber stocks of high tensile and elongation 
set characteristics (109) 


Glass Products. Dunbar Glass Corp., 4 pp, 
ill. Descriptions of this firm’s various 
industrial glasses. Explains advantages of 
glass to the designer and gives physical 
properties. (110) 


Phenolic Molding Compounds and Resins. 
Durez Plastics & Chemicals, Inc., 4 pp, ill 
Includes types, properties and uses of a 
variety of Durez phenolic molding com- 
pounds, industrial resins and coating resins. 


(111) 


Glass-Reinforced Plastics. The Dynakon 
Corp., 7 pp. Gives mechanical, electrical, 
chemical and fabricating properties of Dyna- 
kon’s glass-reinforced plastics materials. 


(112) 


Laminated Plastics. Formica Co., 16 pp, 
ill. Describes 50 standard grades of For- 
mica laminated plastics for industrial usage. 
Includes a new edition of the Formica com- 
parator chart. (113) 


Plastic Parts. Franklin Plastics, Div. of 
Robinson Industries, Inc., 6 pp, ill. Illus- 
trates variety of plastics products and dis- 
cusses this company’s injection molding 
facilities. (114) 


Rubber-to-Metal Adhesive. General Tire & 
Rubber Co., Chemical Div., 8 pp, ill, No. 
4016. Complete data on Kalabond rubber- 
to-metal adhesive for non-corrosive solvent- 
resistant bonding. (115) 


Silicone Rubber. General Elect: ( 
Chemical Div., 24 pp, ill, No Ds 
Includes comprehensive  informat 
properties, applications, classes an 
applications of G-E silicone rubber 


Fiber Glass Laminate. The Glasti 
7 pp, ill. Describes Glastic gra M) 
fiber glass-reinforced polyester | 


and gives mechanical, electrical and 
cal properties. 


Plastic Adhesive. Goodyear Tire & | 
Co., Inc., 24 pp, ill, No. S-9416. Pro; 
applications, specifications and data 

of Pliobond, a quick-setting plastic adhes; 
that bonds anything to anything. 


Packing. Greene, Tweed & Co., 16 pp, il! 
No. PC-101. Specifications, descriptions an 
applications of Palmetto packing, gaskets 
asbestos rope and wick. (11 


Rubber Sheet Packing. Hamilton Rubb 
Mfg. Co., 4 pp, ill, No. 853. Data 

weight, tensile and hardness of rubber sheet 
stocks for use in packing. (120) 


Polyvinyl Chloride. H. N. Hartwell & Sor 
Inc., 6 pp, ill, Nos. 2B and PF. Data sheet 
and basic information on Boltaron 620 
a nonplasticized polyvinyl chloride. (1: 


Plastics. Heil Process Equipment Cort 

PP, ill, Nos. 752, 753 & 754. Discusse 
the use of Rigidon plastics exhaust hood 
duct fittings and ventilating ducts. Specif 
cations included. (122) 


Plastics. Heresite & Chemical Co., 24 py 
ill. Oil-free thermosetting phenolic coatings 
thermosettings and thermoplastic _ resins 
moldings, compounds, synthetic rubber coat: 
ing sheets and molded forms. (123) 


Plastisols. Houghton Laboratories Inc 
pp, ill. Includes typical applications an 
specifications of the Hysol 3000 series 
plastisols—dispersions of high molecul 
weight polyvinyl chloride resins in sel 
liquids called plasticizers. (124 


Balsa Wood. International Balsa Corp., 4 
pp, ill. Explanatory bulletin describing 
why balsa wood must be kiln-dried. (125) 


Plastics for Process Equipment. Johns-Man 
ville Corp., 8 pp, ill. Technical data for 
insulations, refractories, transite pipe, pack- 
ings and gaskets, metal raschig rings and 


transite sheets. (126) 


Rigid Polyvinyl! Chlorides. Kaykor Industries 
Inc., Div. of Kaye-Tex Mfg. Corp., 6 pp. 
Chemical and physical properties of Vyflex 
rigid polyvinyl chloride plates and sheets. 

(127) 


Molding Powders, Etc. M. W. Kellogg Co., 
20 pp. Buyer's Guide gives complete ad- 
dresses of firms producing molded and 
fabricated materials and products made of 
Kel-F, a trifluorochloroethylene polymer 
offered by Kellogg. (128) 


Polystyrenes. Koppers Co., Inc., No. C-2- 
169. Features a table giving all the proper- 
ties of a complete line of straight and modi- 
fied Koppers polystyrenes. (129) 


Glass. Lancaster Lens Co., 8 pp, ill. Twenty- 
one case histories of a wide variety of glass 
part applications. (130) 


Fiber Glass Reinforcements. Libbey-Owen 
Ford Glass Co., 12 pp, ill, No. F-1. De 
scribes company facilities and their applica 
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ions. gives specifications and descriptions 


glass yarns and insulation. (131) 
clectrical Insulation. Louthan Mfg. Co., 
ill, No. 49-I Uses and specifica- 


Louthan insulations in mechani 


trical, thermal and electronic fields. 
(132) 
adustrial Porcelains. McDaniel Refractory 
in Co., 24 pp, ill. Descriptions, out 
ng features and specifications of vari- 

s types of industrial porcelain parts. 
(133) 


Glass Products. McKee Glass Co. 16 pp 
| No. 12-68. Describes types of glasses 
nufactured, their applications and facili- 

for large-scale production. Illustrates 
umerous products for home and industry, 
including electrical, laboratory, television 


ind marine equipment. (134) 
Electrical Insulating Material. Mica Insula- 
tor Co., 4 pp, ill. Complete data on Isomica, 


1 new and improved electrical insulation 
with higher dielectric strength, greater uni- 
formity and better physical characteristics. 
(135) 
Rubber Products. Midwest Rubber Co., 4 
pp, ill. Features, characteristics, uses and 
requirements of this company’s rubber prod- 
ucts. ( 136) 
Potting Compound. Minnesota Mining & 
Mfg. Co., 12 pp. Industrial data necessary 
for successful use of dielectric sealer origin- 
lly formulated for the aircraft industry. 
(137) 
Polyurethanes. Monsanto Chemical Co., 15 
pp, No. 151. Description of a new type of 
product incorporating diisocyantes prepared 
from a polyfunctional hydroxyl compound 
for use as adhesive for bonding rigid ma- 
terials. (138) 
Carbon Products. Morganite, Inc., 8 pp, ill, 
No. 1f. Specifications of various carbon 
bearings and bushings. Also properties of 
series of Morganite carbon products. 
(154) 
Glass Bonded Mica. Mycalex Corp. of 
America, 24 pp, ill. Design information 
for parts to be machined from glass bonded 
mica (139) 
Laminated Plastics. National Vulcanized 
Fibre Co., 16 pp, ill, No. 1b/12. Physical 
electrical, mechanical and chemical proper- 
ties of Phenolite laminated plastic sheet, 
rods, tubing and special shapes. Properties 
of National Vulcanized Fibre also listed. 
(140) 
Foam Plastic. Nopco Chemical Co., 28 pp, 
ill. Illustrates foam plastic in construction, 
electronic, packaging, reinforcement and vi- 
bration damping. (141) 
Molded Nylon. Nylon Molded Products 
Corp., 4 pp, ill. Presents easy method of 
calculating the material cost for a nylon 
part. (142) 
Rubber. Ohio Rubber Co., 4 pp, ill, No. 
-426. Detailed tabulation of the properties 
of natural rubber and rubberlike materials. 
(143) 
Fiber Glass. Pittsburgh Plate Glass Co., 4 
pp, ill. Lists advantages of using fine glass 
hber mat for sound heat insulation appli- 
ition. (144) 
Plastic Glass Laminate. Plastilight Inc., 1 p, 
|. Technical data on Epoglass (epoxy 
esin laminate) for use in electrical and 
lectronic systems, such as printed circuits. 
(146) 
tyrene Resins. Reichhold Chemicals Inc., 
echnical Bulletins Nos. 1, 2, 3, 4 and 5. 
\pplications, characteristics, catalysis and 
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mixing recommendations of Polylite poly- 
ester resins. (147) 
Synthetic Flexible Tube Assemblies. Resisto- 
flex Corp., 4 pp, ill. Briefly gives chemical 
and physical properties obtained with syn 
thetic tubes. Describes types of construction, 
where to use, and how they solve design 
problems (148 ) 
Acrylic Plastic Molding Powder. Rohm & 
Haas Co., 12 pp, ill, No. PL86A. Designs, 
properties and applications of a variety of 
Plexiglas acrylic plastic molding powders 

(149) 
Closed Cellular Rubber. Rubatex Div., Great 
American Industries Inc., 8 pp, ill. Non- 
porous foamed rubber products for sealing, 
gasketing, cushioning, packaging and other 
uses. (150) 
Teflon. Sparta Heat-Treat Co., Plastics Div., 
{ pp, ill. Illustrates various Teflon mold- 
ings produced by Sparta, and includes a de- 
tailed table of typical properties of molded 
Teflon TF-1. (151) 
Rubber Parts. Stalwart Rubber Co., 16 pp, 
ill, No. 51SR-1. Describes applications and 
fabrication of rubber compounds designed 
to resist temperature, abrasion, chemicals 
and weathering. (152) 
Ceramic Products. Stupakoff Ceramic and 
Mfg. Co., 52 pp, ill, No. 951. Drawings 
and dimensions of more than 500 steatite 
products, chart of technical characteristics 
of Stupakoff ceramics, and standards. for 
steatites. (153) 
Synthetic Rubber Products. Western Felt 
Works, Acadia Synthetic Products Div., 6 
PP, ill. Describes various types of molded, 
extruded, roll die cut and lathe cut syn- 
thetic rubber parts and sheets. (155) 


Finishes @ Cleaning and 
Finishing 


Aluminum Coating. Anodic Inc., 4 pp, with 
samples. Hard coating for aluminum, its 
properties and uses. (159) 
Resin Coatings. Bakelite Co., 8 pp, ill. 
Advantages and uses of synthetic resin base 
coatings of the chemical industry. Presents 
16 case histories of actual industrial coating 
applications of Bakelite and Vinylite. (160) 


Metallurgical Polishing Materials. Buehler 
Ltd., 20 pp, ill. Samples and descriptions 
of such polishing materials as emery, alum- 
inum oxide and silicon carbide papers and 
polishing cloths. (161) 


Hard Facing. Cleveland Hard Facing Inc., 
4 pp, ill. Service for hard facing parts sub- 
ject to intense wear conditions. (162) 


Spray Painting. Conforming Matrix Corp.., 
5 pp, ill. Gives description, uses and ad- 
vantages of this firm’s spraying masks, 
mask washing machine, and spray painting 
equipment. (163) 
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Wet Blasting. Cro-Plate Co., Inc., 8 pp, ill. 
Deburring, die and mold polishing, scale 
removal and honing with both regular vel- 
ocity and high velocity pressure blast and 
wet blast equipment. (164) 


Wear Resistant Coating. Electrolyzing Corp., 
16 pp. Detailed data on the Electrolyzing 
Process for increasing the life and efh- 
ciency of metal parts subjected to weat 
abrasion and corrosion. (165) 


Protective Coating. Flexrock Co., Protective 
Coating Div., 4 pp, ill. Complete data on 
Flexcoat 311, a vinyl-acrylic base industrial 
coating that stops corrosion and contami- 
nation. (166) 


Washing and Drying Machines. Industrial 
Machine Corp., 10 pp, ill. Profusely illus- 
trates a complete line of industrial washing 
and drying machines for washing, rinsing, 
slushing and drying operations. (167) 


High-Pressure Cleaners. J. P. Mfg. Co., 4 
pp, ill. Typical applications of the new 
2500 Series Whirlpool high pressure clean- 
ers that degrease, wash, strip and clean in 
one operation. (169) 


Barrel Finishing. Lord Chemical Corp., 32 
pp, ill. Introductory bulletin describes vari- 
ous compounds for precision barrel finish- 
ing. (170) 
Industrial Enamel. Maas & Waldstein Co., 
2 pp, No. 520. Data sheet for industrial 
multicolored enamels. (171) 


Mechanical Finishing. Mech-Finish Corp., 
i pp, ill. Low cost deburring and finishing 
abrasives chips. (172 

Silicone-Base Finish. Midland Industrial 


Finishes Co. Brochure describes silicone- 
base finish, said to resist heat of 500 F 
without discoloration. (173) 


Solvent Cleaner. Mitchell-Bradford Chemi- 
cal Co., 4 pp, ill. Description of a multi- 
purpose solvent and wetting agent for many 
industrial uses. (174) 


Zinc Dust Paints. New Jersey Zinc Co., 36 
pp, ill. Characteristics and uses of zinc 
dust paints, most adherent paints for gal- 
vanized iron and steel zinc. (175) 


Wrinkle Finishes. New Wrinkle Inc., ill. 
Folder shows typical products utilizing 
Wrinkle finishes. (176) 


Electrocleaning Zinc-Base Die Castings. Oak- 
ite Products Inc., 6 pp, No. F-8654. Dis- 
cusses Oakite composition No. 95, a new 
anodic conditioner for zinc-base die castings. 

(177) 


Industrial Brushes. Pittsburgh Plate Glass 
Co., Brush Div., Dept. W-4, 3221 Fred- 
erick Ave., Baltimore, Md. Case histories 
indicate economies available to users of 
Pittsburgh brushes. Request on company 
letterhead direct from this company. 


Mechanical Finishing. Roto-Finish Co. Folder 
describes uses and economies of Roto-Finish 
tumbling-type equipment for precision 
grinding, deburring and coloring metals. 
(178) 
Metal Treatment. Specialty Coatings, Inc. 
Data sheet and sample of Vinsynite for 
metal treatment and maintenance. (179) 


Zirconium Glazes for Ceramics. The Titan- 
ium Alloy Mfg. Div., 30 pp. Description, 
uses and properties of TAM zirconium 
glaze opacifiers. (180) 
Liquid Honing. Vapor Blast Mfg. Co., 4 pp, 
ill. Equipment for surface finishing by 
liquid honing, specifications and dimensions 
of equipment. (181) 








MANUFACTURERS’ LITERATURE 


Heat Treating @ Heating 


Case Hardening Process. American Gas Fut 
mace Co. Principles of ‘“‘Ni-Carb’’ case- 
hardening, its advantages, and descriptions 
of AGF furnaces for the process (186) 


Box Muffle Furnaces. Burrell Corp., 4 pp, 


ill, No. 315. Includes specifications and 
prices of five “Unit Package’ box muffle 
furnaces for low and high temperature 
testing operations. (187) 


Furnace Heating Elements. Carborundum 
Co., Globar Div. Complete data on Globar 
silicon carbide heating elements, said to be 
efhicient, safe and easy to repair. (188) 


Hardening Equipment Control. Cincinnati 
Milling Machine Co., 4 pp, ill. Control 
unit for fuel, gas, water and electric power 
for a wide range of selected hardening 
operations. (189) 


Radiant Glass Panels. Corning Glass 
Works, 8 pp, ill, No. B-86. Uses and 
features of Pyrex glass panels coated with 
electrically conducting coating for radiant 
heating and drying. (190) 


Porcelain Enamel Furnaces. Ferro Corp., 35 
pp, ill. Discusses special oven design 
features and advantages and describes seven 
basic types of ovens and dryers, their uses 
and characteristics. (191) 


Electric Muffle Furnaces. Harper Electric 
Furnace Corp., No. 346. Features and 
specifications of this company’s line of 
electric muffle furnaces for such uses as 
heating and annealing. (192) 


Furnaces. C. I. Hayes Inc., 44 pp, ill, No. 
112. Complete data on a variety of furnaces 
for hardening, tempering, carbonitriding. 
forge heating, sintering, annealing and tool 
heat treating, as well as on atmosphere 
generators and ammonia dissociators. (193) 


Induction Heating Generators. Induction 
Heating Corp., 4 pp, ill. Technical data 
and case histories with applications of 21/- 
and 314-kw induction heating generators 

(194) 


Heat Treating. James H. Knapp Co., Inc., 
8 pp, ill. Description of Knapp-Lee quick 
drench, heat treat furnaces for aluminum 
heating. (195) 


Surface Hardening Stainless Steels. Lind- 
berg Steel Treating Co., 24 pp, ill. Gives 
complete data on the Malcomizing process 
for surface hardening stainless steels. Seven 
case histories are included. (196) 


Induction Heating. The Ohio Crankshaft 
Co. Describes plant survey and possible 
applications to which induction heating 
might be put for greater production 
economy. (197) 


Liquid Carburizing. Park Chemical Co., 4 
pp. ill, No. 82. Physical properties and 
applications of a water soluble liquid car- 
burizing material. (198) 


Electric Furnaces. Pereny Equipment Co., 3 
pp, ill, No. 4A. Booklet tells advantages 
and illustrates typical group of this com- 
pany’s furnaces and kilns and their uses. 


(199) 


Stainless Steel Hardening. C. U. Scott & 
Son Inc., 62 pp, ill. Discusses Super Scotts- 
Onizing, a method for hardening precision 
stainless steel parts after machining. (200) 


Vacuum Furnace. F. J. Stokes Machine Co., 
{ pp, ill, No. 770. Describes a complete 
line of vacuum furnaces and their applica- 
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tions to the high vacuum processing of 


metals. (201) 
Furnaces. Surface Combustion Corp., 4 pp, 
ill, No. SC-162. Presents a complete line 
of high-speed furnaces for press forging, 
extruding, upsetting, etc. (202) 
Industrial Furnaces. Lee Wilson Contract 
ing Co., 8 pp, ill Illustrations of more 
than 14 furnace types for many large scale 
industrial uses. Gas, oil and electric heat 
treating furnaces (203) 


Welding * Joining 


Hard-Facing Electrodes. Alloy Rods Co., 12 
pp, ill, No. AR53-20. Nine basic types of 
hard-facing electrodes and four basic types 
of hard-facing rods with photographs illus- 
trating uses. (207) 


Silver Brazing. American Platinum Works, 
48 pp, ill. Reference manual on silver 
brazing discusses low temperature brazing, 
brazing alloys, design considerations and 
other topics. (208) 


Tube Welding. Babcock & Wilcox Co., 
Tubular Products Div., Technical Data 
Card No. 155. Reference table designed to 
help fabricators of tubular materials select 
welding process for various steel and B&W 
Croloy combinations. (209) 


Glass Joints. Cerro de Pasco Corp., 2 pp. 
Instruction sheet for making glass-to-glass 
and glass-to-metal seals with indium and 
tin solder. (210) 


Rivets. Champion Rivet Co., 48 pp. Speci- 
fications of small and large rivets and com- 
prehensive tables of approximate weights. 

(211) 


Weldment Assemblies. Continental Foun- 
dry and Machine Tool Co., 6 pp, ill. Ad- 
vantages of large welded assemblies, typi- 
cal applications, and production facilities 


available. (212) 


Rosin Core Solder. Division Lead Co., 4 pp. 
Features Divco’s X-25 rosin core solder, 
which provides flux activity at a tempera- 
ture even before the solder is completely 
molten. (213) 


Fasteners. Elastic Stop Nut Corp. of Ameri- 
ca, 29 pp, ill. A collection of many fasten- 
ing problems with solutions. (214) 


Welding Alloys. Eutectic Welding Alloys 
Corp. Three-color wall chart to assist in 
the selection of the proper welding alloys. 

(215) 


Solder Alloys. Federated Metals Div., 36 
pp, ill. Properties of fusible alloys, princi- 
ples and thermal effects of soldering and 
applications, descriptions and specifications 
of this company’s solders. (216) 


Stainiess Steel Welding. General Electric 
Co., 8 pp, ill, No. GET-1955. Presents a 
variety of welding and metallurgical appli- 
cations of stainless steels. (217) 





To obtain literature appearing on these 
pages, please refer to easy-to-use reply 
card on pages 261 and 262 











Constant Voltage Welding. Glenn Co. 4 
Answers to 14 basic questions ré 
constant voltage power sources fo 
matic welding 


Silver Brazing Alloys. Handy & Harr 
pp, ill, No. 20. Information on | 
and Sil-Fos low temperature silvet 
alloys, and valuable lata on 

methods 


Stainless Steel Fasteners. H. M. Harper ( 
56 pp, ill. Price list and stock book cove; 
ing complete line of this firm's nonf 
and stainless steel fastenings. (220) 


Induction Heating for Brazing. Lepel Hig 
Frequency Laboratories Inc., 8 pp, ill. De 
tails on induction heating units for acce| 
erated brazing of parts. (221) 


Weld Strength Calculator. Lukens Stee! 
A slide rule type calculator indicating size: 
of weld required for given load and weight 
of the weld in pounds. (22 


>) 


Spot Welding Aluminum Alloys. P. R. Mal. 
lory & Co., Inc., 36 pp, ill. Detailed de. 
scription of spot welding for aluminun 
alloys, plus specifications and diagrams. 
(224) 
Rivets. Milford Rivet & Machine Co. A 
handy slide rule selector gives complet 
rivet specifications. (225) 


D. C. Welder. Miller Electrical Mfg. Co., § 
pp, ill. Specifications and accessories fot 
d.c. arc welding units. (226) 


Welding Torches. National Welding Equip 
ment Co., 16 pp, ill. Presents the many 
advantages resulting from using this com- 
pany’s welding torches. 227) 


Fastener. New Process Screw Co. Bulletin 
describes Twin-fast screws for rapid fasten- 
ing of wood to metals, plastics or other 
woods. 228) 


Stainless Steel Fasteners. Star Stainless 
Screw Co. Lists Star's stainless and special 
machine products available (229) 


Cherry Blind Rivets. Townsend Co., 12 pj 
ill, No. TS-76. Information on applications 
specifications and types of cherry blind 
rivets and rivet guns. (230) 


Brazing Alloys. United Wire & Supply Co 
3 pp, ill. Wire brazing aluminum for low 
temperature brazing of various metals and 
alloys. (231) 


Welding Positioners. Worthington Corp., 
Industrial Div., 36 pp, ill, No. 210 C. De- 
scription, features and applications of 100- 
to 40,000-lb capacity welding eo 
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Forming @ Casting ® Molding 
Machining 


Coated Abrasives. Armour Sandpaper 
Works, 124 pp, ill. Catalog of complet: 
line of coated abrasives. Includes tables. 

(237) 


Wet-Abrasive Cut-Off Machine. The Cincin- 
nati Electrical Tool Co., 2 pp. Description, 
features, alternating and direct current spe 
cifications of this wet-abrasive cut-off ma- 
chine. (238) 


Injection Molding. Guy P. Harvey & Son 
Corp., 1 p, ill. Includes specifications of 
the Vacurator, which offers rapid produc- 
tion of master patterns, formed hollow 
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and zinc alloy sample molds. (239) 


cmi-Automatic Presses. The Hydraulic 
(fg. Co., 4 Pp, ill, No. 5107. Gives 
on and specifications of H-P-M 


compression and molding presses 


forced plastics molding (240) 
slastics Molding Equipment. Improved Paper 
ry Corp + pp, ill Features and 


ges of Impco injection-compression 
transfer and injection molding 
for plastics. (241) 


Machine Tool. Newage International Inc 
ill. Description of the Rindis ma 
tool for a variety of work in experi 

tal fabrication and design. (242) 


Tabletting Presses. F. J. Stokes Machine Co.., 
pp, ill, No. 800. Illustrates and de 
tribes a complete line of Stokes tabletting 
for pharmaceutical, plastics, ceram 

ics, powder metal and general industrial 
production. (243) 


Sheet Metal Fabricator, Wales Strippit 
Corp., 6 pp, ill, No. 10-a. Gives features 
and specifications of Hydra-New-Matic 
head and the “Quick Change’ holder. 
(244) 


Aluminum Extrusion Presses. Watson-Still- 
man Co., ill, No. 340-A. Describes this 
company’s light metals extrusion presses of 
500- to 5000-ton capacities, their features 
and advantages. (245) 


Magnetic Perforating Dies. S. B. Whistler 
& Sons Inc., ill. Complete descriptions and 
applications of this company’s magnetic 
perforating dies. (246) 


Inspection ® Testing ® Control 


Laboratory Reagents. Allied Chemical & 
Dye Corp., General Chemical Div., 40 
Rector St., New York, N. Y., 264 pp, ill. 
Complete buyer’s guide for uses of labora- 
reagents and chemicals. Includes such 
rtinent facts as grades, strength and 
limits of impurities. Request 
t from Allied on company letterhead 


kimum 


Test Chambers. American Research Co., 4 
pp, ill. Describes the basic environmental 
chambers produced by this company 

I testing under a variety of conditions. 
(250) 


Photoelastic Stress Analysis. Eastman Kodak 
Co., 16 pp, ill, price 35¢. Booklet briefly 
liscusses photoelastic stress amalysis as a 
method of solving problems of stress dis- 
tribution. (251) 


Identification of Some Metals. The Inter- 
national Nickel Co., Inc., 48 pp, ill. Pro- 
cedures for spot testing of some metals 
ind alloys for identification purposes. 
(252) 


Dew Point Controller. Ipsen Industries Inc., 

pp, ill, No. C-21. Specification dimen- 
sions and applications of dew point con- 
trollers of furnace atmospheres. (253) 


Temperature Controller. Leeds & Northrup 
Co., 20 pp, ill, No. ND47. Electronic in- 
truments for two-position or proportional 
ontrol for temperature and conductivity. 


(254) 


Testing Equipment. Magnetic Analysis Corp., 
8 pp, ill, No. 10. Multi-method equip- 
nent for nondestructive tests of ferromag- 
netic bars, rods and tubing. (255) 


Surface Roughness. Micrometrical Mfg. Co., 
i pp, ill, No. LT85. Methods for judging 
surface roughness and use of the profil- 
meter. (256) 
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WANUFAGTURERS’ LITERATURE 


Minneapolis-Honeywell Regu- 
lator Co., 48 pp, ill, No. 100-5. A com- 
plete line of pyrometer supplies illustrated 


Pyrometers. 


(257) 
Universal Testing Machines. National Forge 
& Ordnance Co., Testing Machine Div., 
No. 501 Capacities and 


operating principle of table model univer 


and described. 


oper incations 


} << 
sal testing machines (258) 


Temperature Control. The Pyrometer Instru- 
ment Co., No. 150. Catalog shows Pyro 
Immersion Pyrometer, accurate instrument 
for nonferrous foundry temperature control 

(259) 


Electronic Metal Detector. Radio Corp. of 
America, 4 pp, ill, No. E42. Features of 
electrical metal detector designed for use 
on conveyors to detect tramp metal. (260) 


Ultrasonic Testing. Sperry Products Inc., 
8 pp, ill, No. 50-110. Complete data on 
sonic inspection, measurement and control 
systems. (261) 


Flex-Tester. Steel City Testing Machines 
Inc., 4 pp, ill. Apparatus for the non- 
destructive testing of sheet metal drawing 
qualities and stretcher strain. (262) 


Radiography. Technical Operations, Inc. 
Folder with data sheets. Gamma radio- 
graphy equipment and methods used with 
Cobalt 60. (263) 


Temperature Indicators. Tempil Corp., 6 
pp, ill, No. 53MS. A complete line of 
crayons, pellets and lacquers for tempera- 
ture control and heating metals. (264) 
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Impact Tester. U. S. Testing Co., Inc., 2 
pp, ill. Includes history, description and 
use of the SPI low temperature impact 
tester. (265) 


Process Control. Wheelco Instruments Div., 
Barber-Colman Co., 42 pp, ill, No. TC-10. 
Data book and catalog of thermocouples, 
radiation detectors, resistance bulbs and 
other accessories for indicating, controlling 
and recording instruments for use in proc 
ess control. (266) 


General 


High Vacuum Applications. Consolidated 
Vacuum Corp., 16 pp, ill, No. CEC-1801B. 
Applications, methods, features, operation 
and performance of the model 24-101A 
leak detector in accurately detecting and 
locating leaks in vacuum or pressure 
equipment. (271) 


Product Research. Arthur D. Little Inc., 4 
pp, No. A. Description of product re- 
search and engineering services. (272) 


Materials Controls. Remington Rand Inc., 
No. KD 367. Booklet describes Kardex 
system for keeping visible materials and 
parts inventories coordinated with produc- 
tion. (273) 


Metal Processing. Arthur Tickle Engineer- 
ing Works Inc., 16 pp, ill. Profusely illus- 
trates the facilities of this company for 
forging and plate fabricating, metal spray- 
ing, and Alumibonding and aluminum 
casting. (274) 


UNITED STATES TESTING CO., Inc. 


is ideally organized to serve all segments 
of the metal industries and users of metals 


and metal products. Diversified services 





include: 
-SPECTROGRAPHIC 
2 AND WET CHEMICAL 
+ CORROSION STUDIES anes 
X-RAY INSPECTION. PY 
HIGH AND Low MECHANICAL TESTS. 
TEMPERATURE 
INVESTIGATIONS » 
ORE ASSAYS QUALITY CONTROL, 
regen Pe PLATING BATH ANALYSIS. 
TESTING OF phase * INSPECTION & SAMPLING. 
LACQUERS & PROTECTIVE 
COATINGS. Phone or write 


Service Division for quotations and information. 


UNITED STATES TESTING COMPANY, INC. 


Established 1880 
1600 Park Ave., Hoboken, N. J. 
BOSTON « CHICAGO « NEW YORK ¢ PHILADELPHIA « DENVER 
PROVIDENCE « LOS ANGELES « MEMPHIS « DALLAS 
In Canada 
W. J. WESTAWAY COMPANY, LTD. 


Toronto * HAMILTON * MONTREAL * Winnipeg 





For more information, turn to Reader Service Card, Circle No. 508 
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CHARGE and DISCHARGE 


THE EASY WAY—WITH THE 


AGF ROTARY CARBURIZER 


aa ac 





The AGF Model 2GA Rotary Gas Carburizing Furnaces are used 
very widely by makers of aircraft parts, small tools, arms, 
screws, nuts, bolts, ball bearing and precision parts requiring 
clean hardening, tempering, annealing—all or any phase of 
heat treatment. Easy to control.—Easy to load and unload. 






=, 
Write to the PIONEER makers ‘de. 
of gas furnaces and equipment _ sb tq J 
VS 








CEMENTED CARBIDE 
THREADED, TAPPED, BROACHED, 


PRECISION MACHINED! 





With amazing speed and 
accuracy, the hardest man- 
S made metals can now be 
a machined. Some of 
the work now being done 
at Arc Machining, Inc. 

includes machining 
of carbide dies; 
finish machining 
after final heat 
treatment where 

distortion presents a 

problem; corrective 
machining of hardened 
parts; die revisions; 
drilling small holes in stainless steel tubing, 

etc. without burrs. These and many more 
applications of “arc machining” are saving 
specification and process engineers thousands 

of dollars each day. Send us your problem today. 


ARC MACHINING, INC. 


14309 ILENE ° DETROIT 4, MICHIGAN 






ta re, . 








For more information, turn to Reader Service Card, Circle No. 511 
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For more information, turn to Reader Service Card, Circle N 5. 399 


. 2 
FOR LOW-COST | 
SMALL PARTS -> 
REPRODUCTION 

choose...< 


. 
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PRECISION INVESTMENT CASTING! 


Because with this precision process you can economi- 
cally cast intricate, undercut parts to meet exacting | 
requirements as to tolerances and finish without costly 
machining and assembly operations. 


DESIGN ENGINEERS—keep this precision casting tech- 
nique in mind when designing new products or im- 
proving old ones. It may be the ideal, low-cost way 
to produce the functional parts in their “natural” 
shape that you need to improve your product’s per- 
formance or appearance. 


SEND FOR THE INVESTMENT CASTING STORY 
This free 12-page booklet—‘‘MopERN PreE- 
CISION INVESTMENT CaAsTING’’—contains 
the most complete source of facts and 





data available today. 


ALEXANDER SAUNDERS & CO. 
Precision Casting Equipment & Supplies 
93 Bedford St. . New York 14, N. Y. 
WAtkins 4-8880 




















The Methods... The Materials. . .The Machines 


by Herbert R. Simonds, 


Consulting Engineer, Archie J. Weith, 
Union Carbide and Carbon Corp., 
and William Schack, Former Editor 
of ‘*Plastics’’. 





Written by three widely recognized authorities in collaboration 
with a special advisory committee, this valuable new book, offers 
you for the first time a complete coverage of extrusion as an im- 
portant processing operation. 


The first part of the book is devoted exclusively to the extrusion 
of plastics. Here, the amazing versatility of the extruding machine 
as an industrial unit is fuily described together with all com- 
mercially important methods of dry extrusion. The remainder of 
the book deals with the extrusion of metals and such materials 
as rubber, food products, ceramics, graphite, and even ice. All 
descriptions of extrusion methods are carefully geared to the 
nature and actual operation of factory equipment. 


1952 $10.00 


463 pages 
Order Your 10-Day Approvel Copy From 


REINHOLD PUBLISHING CORPORATION 


Dept. M-596 330 West 42nd Street, New York 36, N. Y. 
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EVER Underestimate the Value of 
1~ LEAD as a Sealing Medium 


Check these advantages of Lead and Lead Alloys in 
sealing joints against leakage of liquids or gases 


2 —< =) ll 













Lead Alloy Products Co. has, for more than 20 years, specialized in the 
manufacture of lead gaskets, washers and sealing rings to rigid specifi- 
cations. Every process, from melting and alloying to inspection, is under 
close quality control. 

When you need sealing elements in a hurry—'phone. 

Samples, or even short runs, may be made from temporary tools... 
production quantities in hundred, thousand or million lots thereafter. 


9119 ROSELAWN AVENUE 
DETROIT 4, MICHIGAN 
ee Re eM ee 


For more information, turn to Reader Service Card, Circle No. 497 
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FASTENING PROBLEMS 
/ 


Ten years experience in 
the design and development 
of specialized fasteners, en- 
ables us to help you. Consul- 
tation on your problem, 
especially in the design stage, 
will result in a cheaper, more 
efficient fastener for your 
product. Write today. 





This floating anchor nut 
solved a costly problem. 
Formerly, 3 separate parts 
made installation difficult 
and costly; removal was im- 
possible. Our design, eas- 
ily installed and easily 
removed, cut costs sharply. 


Dept. PDD 


811 AIRWAY 
GLENDALE 1, CALIF. 


Manufacturers of 


SELF-LOCKING ANCHOR NUT 
BOLT AND NUT RETAINERS 








Temperatures 
as low as 


-95° 


BELOW ZERO 


For 
Shrink Fits 


Seasoning Gauges 
and 
Precision Tools 
J 


For Tests 






Completely equipped ready for 
operation. The 1.5 Cu. Ft. model as 
shown handles parts or assembled units 
up to 23”’ long, 1212’ deep x 9’ high and the 

6.5 Cu. Ft. model up to 47’’ lengths, 16’ deep x 15”’ 

high. Revco Sub-Zero Chests meet highest performance 
standards featuring temperatures of 95° and 85° below zero 
while running continuously in normal room temperatures. Other 
controlled low-temperatures readily attained. 


REVCO RIVET COOLER for aircraft application is equipped with 
90 rivet canisters in six convenient removable racks. Operates 
efficiently at temperatures as low as minus 35° F. 


WRITE FOR DATA AND PRICES. 





REVCO, INC...DEERFIELD, MICHIGAN 








For more information, turn to Reader Service Card, Circle No. 475 
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NOW ... the first book on the tech- 
niques of classifying data for 
quick reference 


Punched Cards 





THEIR APPLICATION TO SCIENCE AND INDUSTRY 


By ROBERT S. CASEY, U Z y 1. Schaeffer Pen Co., and 
JAMES W. PERRY, The Massachusetts Institute of Technolo 


Instruction and help for large and 


small card files on any subject. 


As masses of data multiply, punched cards are being applied 
effectively as filing systems in many scientific, industrial 
and business fields. No other system offers so effective 
and foolproof a means of searching through quantities o! 
information and isolating exactly the information that is 
wanted. 


This new book covers files of all sizes, from a few hundred 
cards to many thousands, and tells how to arrange and 
expand any card file. It describes all card-filing equipment 
currently in use. It makes existing experience and methods 
available to all those who deal with scientific and technical 


information and who must find out quickly what they want 
to know. 


1951 © 516 pages, $10.00 
Send for a copy on approval 


REINHOLD PUBLISHING CORPORATION 
Dept. M-594 + 330 W. 42nd St. + N. Y. 36, N. Y. 




















"As welcome as a silver zeolite 
on a life raft’... . Chemical Engineering 


WATER J 
TREATMENT} 


and Other Uses 
by 


Eskel 
Nordell 


The 
Permutit Co. 
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This comprehensive book provides a practical, up-to-date reference 
work on the conditioning and treatment of water supplies for in- 
dustrial and domestic uses. It deals with their impurities (chemical 
compounds, suspended solids, color, odor, taste, etc.) and the meth- 
ods of treatment to fit them for a wide variety of commercial and 
other uses. 

525 fact-crammed pages offer you valuable information on water 
requirements, current water treatment practices in various industries, 
problems and practices relating to boiler feed waters and cooling 
waters, processes and equipment used in treating water, water soften- 
ing processes, sampling precautions and many other topics of import- 
ance to consultants, engineers, chemists and students. 

Extensive tables of conversion factors and other carefully collected 
tabular data make this the most complete book on the subject ever 


published. 
1951 525 pages $12.00 


Send now for your 10-day free examination copy! 


REINHOLD PUBLISHING CORPORATION 


Dept. M-595 
330 West 42nd Street, New York 36, N. Y. 
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NOW ... over 3,000 essential metallurgical terms 
~ alphabetically arranged . . . 
q fully defined .. . 


copiously cross-referenced! 


Metallurgica 
Dictionary 


i hi by J.G. Henderson 


Consulting Mechanical and 
Materials Engineer 





Assisted by J. M. Bates 
B.S., Met. Eng., University of Illinois 








RRANGED specifically for the needs of all metal 
The Author industries, this amazingly complete reference book 
J. G. HENDERSON has been associated with one of America's contains over 5,000 informative definitions and descrip- 


larger chemical companies for a quarter-century, and for 


some years past as head of the company's engineering stand- tions covering all the most essential terms in both pro- 


ards and specifications department. With a professional back- duction and physical metallurgy. 
ground in the field of mechanical engineering, and his years ; “mre . 4 
of association in materials engineering for the process indus- Semi-encyclopedic in nature, METALLURGICAL DIC- 
tries, his unique experience especially qualifies him for the TIONARY has been selectively limited in scope so as 
compilation of this new and important contribution to the S 
expanding literature in the metallurgical and associated not to encumber the user with an avalanche of obsolete 
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standardization as a leading organizer and Chairman of the ‘ 
American Standards Association's Chemical Industry Advisory sizable number of terms such as flam plating, shell mold- 


oard, an assignment he has fulfilled since its inception in 1950. ing, and others which have only very recently appeared 


in magazine literature. 
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Particular care has been taken to cross-reference entries 
of related terms. This has been done not only to facilitate 
reference to compound terms, but to direct the user from 
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| 
| 
| Ship me METALLURGICAL DICTIONARY on ap- | a synonym to a preferred term and to offer him a full 
| proval for FREE examination. In 10 days I will send | coverame of available information 
| you $8.50 plus postage, or return book and owe nothing | 8 ; 
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| industries for a usable, up-to-date dictionary. As a con- 
7 RBGIONS 5 cryin noen cpr esas ctnieregh vafenesesoetncnas erssenns son ccegsoesenasentas | venient source of instant information, this volume will 
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cz | SOUTHCO DRIVE RIVETS 


ee 


...speed trailer repairs...cut costs 





A large trailer manufacturer uses SOUTHCO Drive Rivets throughout their 
branches for repair work because they enable one man, with only a hammer and 
a drill, to do patch work quickly and easily. 


These rivets are ideal for ‘‘blind’’ locations because of the automatic pull-up 





feature which assures a tight joint. And SoUTHCO Drive Rivets won't 


vibrate loose. They require no finishing operations .. . no clipping, grinding, 
hling or deburring. Installation is quiet. ..no time Is lost 
waiting for irons to heat... in fact no special tools are required 


, and no rool maintenance 





In addition, the smooth heads of SouTHCO Drive Rivets eliminate 


the need for molding strips—and on interiors, they won't snag cargos. 


SOUTHCO Drive Rivets are fast—just hit the pin—they make 








a strong joint and the automatic pull-up means a tight joint. 

How can you benefit from the advantages of SOUTHCO Drive Rivets ? 
Write for complete information to SouUTHCO Div., South Chester 
Corporation, 1404 Finance Bldg., Philadelphia 2, Pa. 
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SOUTHCO 
rivet in 


drilled holes 


Hit the pin... 


Automatic 
pull-up assures 
tight joint 


PAWL-SCREW AND SPRING- 
DRIVE RIVETS-ANCHOR NUTS: 
ENGINEERED SPECIALTIES 


em ot 


WHEREVER TWO OR MORE PARTS ARE FASTENED TOGETHER, STANDARD AND SPECIAL DESIGNS FOR IMPROVED PERFORMANCE AND LOWER PRODUCTION COSTS 
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Here is the Answer fo your 
Friction, Wear, Abrasion 
and Corrosion Problems: 


2) 


Ceiefa( 


prevents malfunctioning of assemblies 
...increases part life 200% to 800% 


Manufacturers of all types of products are 
specifying ELECTROLIZING to reduce fric- 
tion and increase the wear, abrasion and cor- 
rosion resistance of metal parts. 

Parts which have had their life increased 


200% to 800% by ELECTROLIZING include 
fuel control components, gear trains, jack 
screws, pistons, seals, valves, shafts, sole- 
noids, micro-switch parts and hydraulic com- 
ponents. 











A CASE IN POINT: The following are comments 
from a report compiled by the Engineering Depart- 
ment of a manufacturer* of oxygen regulator parts. 


“‘Considerable difficulty has been experienced in ob- 
taining a suitable corrosion resistant bearing sur- 
face on three parts used in the oxygen regulator re- 
lease. Chrome and nickel plating were tried with no 
success. 


“Six of each of the subject parts were submitted to 
The Electrolizing Corporation for processing. The 
parts were handled promptly and returned within a 
few days. Tests on these parts showed: 


1. Surface finish of 5-8 and 7-9 micro-inches re- 
mained unchanged. 


2. There was a uniform deposit all over the part of 
.00015”. 


THE 


3. Parts were installed in units and life tested. 


“The Electrolized parts have improved the effi- 
ciency of the unit. Repetitive tests were conducted 
without failure of the treated arms. It is therefore 
recommended Electrolizing be specified on the 
drawing.” 


Whether your problem is friction, wear, abrasion or 
corrosion, ELECTROLIZING can provide the solution. 
Our staff engineers are available for consultation 
without obligation. 


Write for new booklet describing ELECTROLIZING 
and its advantages. 


*Name on request 


THE ELECTROLIZING CORPORATION 
1505 East End Avenue 
Chicago Heights, Illinois 
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1505 EAST END AVENUE, CHICAGO HEIGHTS, ILLINOIS 


Plants 
Providence 1, R. I. Cleveland 10, Ohio Chicago Heights, Illinois 
148 W. River St. 1650 Collamer Rd. 1505 East End Ave. 
Los Angeles, Calif., 1406 East 15th St. 
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lished each month in MATE- 
RIALS & METHODS, 
available 
form. These outstanding 16- 
to 32-page articles provide 
you with useful and complete 
information on the properties, 
characteristics 
engineering materials 
fabricated parts. 


Order Now 


The Manual reprints cost only 
25¢ per copy. To obtain your 
copies, indicate in the handy 
coupon below the ones you 
Orders will be filled 
as long as the supply lasts. 
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Titanium and 
Electroplated Coatings on Light Metals 
Cold Forming Stainless Steel Parts 


Carbon and Low Alloy Steel Castings 
...Carburizing of Steels 
...Welded and Brazed Parts 
...Aluminum Bronze 
...Glass-Reinforced Plastics 
..Malleable Iron Castings 
Magnetic Materials 
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..Wood and Wood-Base Materials 
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Do-it-Yourself 


At the moment it’s hard to decide whether the 
latest development in the do-it-yourself field is to 
be a boon or a bust. As you must have heard 
by now, Reynolds is putting out a special alloy 
for the use of home craftsmen. Biggest selling 
point is that regular woodworking tools can be 
used to cut, plane, turn and drill and otherwise 
machine the metal. And there’s the rub! We 
know that many people will overlook the warning 
not to try these same tools on regular aluminum 
alloys. Thus there could soon be a rash of sore 
heads and broken tools. 


A New Twist 


If the fashion experts have their way, nickel, 
long known as “your unseen friend,’”’ is soon to 
come out in the open. Recently the women’s page 


of a New York newspaper showed some new 


high-fashion shoes which used nickel-silver heels. 
For artistic effect the heels were twisted into a 
stylish helix. Try and bust these heels. Could be 
dangerous weapons in intra-family bridge games. 


In the Bag 


We knew all along that plastics would soon 
get us into trouble by poking its ubiquitous nose 
into many nooks and crannies. At a recent trade 
show one of the exhibitors passed out cocktails 
packaged in little plastic bags. In adjacent com- 
partments of the cocktail bags were the vital in- 
gredients plus the cherry or olive so necessary in 
matters of this kind. Now the well-worn “T'll 
take a rain check”’ attempt to avoid taking another 
drink will be negated. They'll just give you a 
hand-full of bagged cocktails to protect you 
against snake bites and cold weather. Whether or 
not cocktails in this form ever reach the retail 
market is not now known, but if they ever do, 
beware! 


Have a Seat 


Recently we visited the plant of the American 
Seating Co. in Grand Rapids, Mich. In addition 
to being amazed at the number of seats in this 
country that must be provided for, we were 
amused by a unique testing device employed there. 
The ingenious tester is called ‘‘Squirming Susie” 
or some such name and simulates to perfection 
a restless theater-goer. The realistic wooden shape 


goes through all of the twisting and squirming 
motions of an over-tired husband who has been 
dragged out to a grade “C” movie. This 1s 
simulated service testing at its best, or worst. 


Backward Progress 


It has taken the world thousands of years to 
get out of its caves and underground holes and 
into modern homes with all of their comforts. 
However, we are now being advised to go back to 
that mode of living if we want to survive the 
ravages of atom and hydrogen bombs. According 
to some merchants of doom, we have no hopes 
for the future. If they are right, we have cer- 
tainly made progress. Just think, television, radar, 
jet propulsion and caves in just one generation. 


Not Like Home 


If there is one thing to be learned from 
countless plant visits it is this: never be surprised 
at any unusual things you might see. For ex- 
ample, we recently went through the new auto- 
mated production line of the Curtiss-Wright 
turbo-compound aircraft engine. There in the 
midst of all the glistening, complex assembly 
machines, we discovered a plain old household 
electric roaster. The device, it was discovered, 
was ideal for warming parts which were as- 
sembled as slip-fits. When the parts cooled from 
the roasting temperature, they shrunk into place. 
Mighty clever, these aircraft engineers. 


Vocabulary Lesson 


Don’t look this up in your collegiate dictionary 
for you probably won't find it. However, an an- 
cient word is now coming back into extensive 
use. The word is serendipity. It is used among 
researchers to identify a form of luck. According 
to the best definition, serendipity is an art—the 
art of finding things you are not looking for, 
or of making unexpected discoveries. Just so you 
will know, you must be told that the word was 
coined by the famous gentleman, writer, and 
wit—Hugh Walpole. And that is our smattering 
of culture for today. 


T. C. Du Mond 
Editor 
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...help automatic starter 
withstand vibration, give . 


long, trouble-free service 





chemicals. Du Pont nylon is light in weight, heat- 
resistant and remarkably resilient. Parts resist 


Why not investigate how this unique 


engineering materia!—BU PONT NYLON wear and abrasion, provide quiet operation with 

—can help improve your product? little or no lubrication. And DuPont nylon’s 
electrical insulating properties insure positive 
These six parts, as used in a new starterdeveloped _ operation. 
for automatic transmission cars, demonstrate how 


Perhaps the valuable properties of Du Pont 
the unique properties of Du Pont nylon can help 


nylon can help you develop a new or improved 


engineers develop more efficient products. 

Du Pont nylon is strong and durable. Parts 
made of it withstand shock and vibration. Nylon 
can’t corrode, is unaffected by most common 


product or process. For further information on 
Du Pont nylon write: E. I. du Pont de Nemours 
& Co. (Inc.), Polychemicals Department, Room 
1112, Du Pont Bldg., Wilmington 98, Delaware. 


Check all these outstanding properties of Du Pont nylon— 


TOUGHNESS — Nylon is virtually unbreak- 
able, even at low temperatures. 


HEAT RESISTANCE — Nylon is capable of 
continuous operation to 250°F. 


/ ABRASION RESISTANCE — Nylon resists 
wear, scuffing and gouging. 


STRENGTH, RESILIENCY — Nylon absorbs 
Shock without chipping or cracking... is 
Strong in thin sections. 


LIGHT WEIGHT — Nylon’s specific gravity 
is 1.14. 


CHEMICAL RESISTANCE — Nylon is un- 
affected by most common chemicals. 


LOW COEFFICIENT OF FRICTION — Nylon 
has excellent bearing characteristics — pro- 
vides quiet operation with little or no lubri- 
cation. 





4on parts molded by United Plastics Industries, Inc., Vassar, Mich., for Automo Corp, Saginaw, Mich. 
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Another reason why you get uniform, high quality 
forgings with TIMKEN’ forging steels! 


OUR order for Timken‘ 


individually in our mills. Conditioning procedure is 


forging steels is handled 


targeted to your particular forging requirements. You get 
just the steel you want for uniform forgings, rejects are 
held to a minimum. And you save steel, because the good 
dimensional tolerances of Timken steel forging bars pro- 
duce uniform weight multiples with minimum steel lost 
in flashings. 

Timken forging steels give you uniform physical 
properties. They respond uniformly to heat treatment — 
from bar to bar and heat to heat. Fewer furnace adjust- 
ments are needed. And Timken forging steels have 
uniform grain size after heat treatment. Result: your 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 


SPECIALISTS IN FINE ALLOY STEELS, 


GRAPHITIC TOOL STEELS AND SEAMLESS 


forgings have uniformly high ductility and resistance to 
impact. 

Chemical properties, too, are kept uniform in every lot 
of Timken forging steels by some of the most precise quality 
control methods known. For example, a direct-reading 
spectrometer—first of its kind in the steel industry—chemi- 
cally analyzes a molten heat of Timken forging steel in 
just 40 seconds! And the melt shop has the complete analy- 
sis report within 10 minutes! 

For help in improving the quality of your forgings, and 
cutting production costs, too, write The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable address: ‘““TIMROSCO”’. 


TIMKEN 
STEEL 


TUBING 


For more information, turn to Reader Service Card, Circle No. 325 





